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COLOR DISPLAY DEVICE, COLOR
COMPENSATION METHOD, COLOR
COMPENSATION PROGRAM, AND
STORAGE MEDIUM READABLE BY
COMPUTER

This Nonprovisional application 1s a continuation-in-part
of and claims priority under 35 U.S.C. §120 on U.S. patent
application Ser. No. 10/156,632 filed May 28, 2002, now U.S.
Pat. No. 7,071,955 the entire contents of which are hereby
incorporated herein by reference. This Nonprovisional appli-
cation further claims priority under 35 U.S.C. §119(a) on
Patent Application No. 2003/114050 filed 1n Japan on Apr.
18,2003, and No. 2003/3477515 filed 1n Japan on Oct. 6, 2003,
the entire contents of each which are hereby incorporated by
reference.

FIELD OF THE INVENTION

The present invention generally relates to a color display
device. Pretferably, itrelates to one including a signal process-
ing device for carrying out color compensation of color image
signals.

BACKGROUND OF THE INVENTION

There are several known color compensation techniques
for color 1image signals, for obtaining brighter colors upon
display. One example of such a technique can be found 1n
Japanese Laid-Open Patent Application Tokukaihei
03-266586/1991 (published on Nov. 27, 1991, hereinafter
referred to as Document 1). In this example, color compen-
sation 1s performed by using six color components of a signal:
the three primary colors, R (Red), G (Green), and B (Blue);
withY (Yellow), M (Magenta), and C (Cyan) as complemen-
tary colors of those primary colors.

The color compensation of Document 1 1s carried out as
tollows. For the RGB 1mage signal components of a signal,
the components of the three primary colors and the compo-
nents of the three complementary colors are individually
extracted. Then, the component of each color 1s multiplied by
an adjustment coetlicient which 1s determined differently for
each color 1n advance. Further, the calculated value for color
compensation 1s added to the original RGB signals so that
new corrected color signals R'G'B'are created.

For example, a color image signal in which the respective
signals of R, G, B are contained by a ratio of 0.8:1.0:0.2,
respectively, 1s expressed as 0.8R+1.0G+0.2B. This expres-
sion can be modified as 0.2 (R+G+B)+0.6 (R+G)+0.2G. After
the modification, the original signal 1s divided into three
components: (R+G+B), (R+G) and G. Here, (R+G+B)
denotes a white component and (R+G) denotes an'Y compo-
nent.

Since the white component 1s not used for calculation, the
original signal 1s divided into an'Y component and a G com-
ponent. The Y component and the G component are then
respectively multiplied by predetermined constants, and the
respective calculation results are then added to the original
RGB signals. Thereafter, the R'G'B'signal having been
through color compensation, 1s outputted.

With reference to FIGS. 13 and 14, the following wall
describe a change of gradation level of a signal through the
color compensation with the foregoing technology of Docu-
ment 1.

FIG. 13 shows a so-called HSL. color model, which indi-
cates distributions of luminance and saturation of the color.
FIG. 13(a) 1s a perspective view of the HSL (a color model
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expressed by Hue, Saturation and Luminance), while FIG.
13(b) shows a circle as an upper view of the inverted-cone-
shaped HSL, and a triangle as a cross-sectional view taken
along a line between a point o1 Y (Yellow) 1303 and a point of
B (Blue) 1304. The closer to the circumierence, the greater
the saturation (the greater the gradation level denoting satu-
ration), and the more upward (the center of circle 1302 1s
white) from the top 1301 (black) of the cone, the greater the
luminance (gradation level denoting luminance).

FIG. 14 1s a schematic view showing a change in gradation
level of luminance and saturation of the Y component and the
B component through the color compensation with the fore-
going technology of Document 1. FIG. 14(b) shows the Y
component of the input color 1mage signal with enhanced
gradation level. As shown 1n the Figure, in the color image
signal having been through color compensation, colors are
properly modified for the domain close to the center (the
center denotes an achromatic color, and the color becomes
more mixed from outside to mside the circle) of HSL. How-
ever, the color 1n the vicinity (the circumierence denotes a
monochromatic color, and the color becomes more mono-
chromatic from 1nside to outside the circle) of the circumfier-
ence of HSL may fall outside the circumierence (see 1401 1n
FIG. 14) of the circle. For example, assuming that the maxi-
mum saturation 1s 255 in gradation level, and the Y compo-
nent after separated from the mput signal 1s multiplied by a
constant, the obtained value may exceed the gradation level of
255. Thus, the color image signal with the color outside the
range will fail to properly display an 1image.

As described, since the color compensation according to
Document 1 1s performed by calculation 1n which monochro-
matic colors and mixed colors are corrected together, 1t fails
to obtain a desired 1image, or fails to create and display an
image with higher quality.

More specifically, through color compensation with the
foregoing technology, the calculated value may become
higher than the upper limit of saturation or luminance 1n one
or some color components. As such, color compensation fails
in domains of monochromatic colors or domains close to
monochromatic colors. By having the color with a color com-
ponent improperly corrected, the displayed image contains
both properly modified pixels and improperly modified pix-
¢ls. This thus results 1n the displayed image becoming par-
tially unnatural.

Further, in color compensation with the foregoing tech-
nique, the white component 1s not used for color conversion
calculation after extracted from the mput signal. Therefore,
there will be an only small difference 1n saturation or lumi-
nance between monochromatic colors and mixed colors.
Thus, monochromatic colors fail to be enhanced to generate a
bright 1mage.

SUMMARY OF THE INVENTION

An embodiment of the present invention 1s made 1n view of
one or more the foregoing conventional problems, and pro-
vides a color display device which determines a relationship
between the RGB components of an input color image signal
in terms of their gradation levels. This 1s done so as to carry
out a different calculation operation for each input color
image signal depending on whether the mput color image
signal belongs to one of six patterns of the relationship. Cal-
culation 1s carried out between the three components exclud-
ing a component with the smallest gradation level. This 1s
done using variables that vary depending on values of the
three gradation levels.
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An embodiment of the present mnvention carries out color
compensation of an mput color signal 1 consideration of
RGB components, YMC components, and also white com-
ponent 1n some cases, contained in the signal. As such, 1t
achieves a desired color conversion operation. With this
arrangement, the color display device of an embodiment of
the present invention 1s suitable for displays of, for example,
mobile phones, monitors of personal computers, 1mage dis-
play devices of liquid crystal TVs, etc.

Additional objects, features, and strengths of the present
invention will be made clear by the description of the various
exemplary embodiments stated below. Further, the advan-
tages of the present invention will be evident from the follow-
ing explanation of the exemplary embodiments, 1n reference
to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram schematically showing an
arrangement of a color display device according to an
embodiment of the present invention.

FIG. 2 1s a flow chart showing a flow of color conversion
operation according to the first embodiment of the present
ivention.

FIG. 3 1s a drawing showing an example of a relationship
between saturation and coetficient in calculation to obtain a
compensation value.

FIG. 4 1s a drawing showing six color domains of an
embodiment of the present invention 1n the form of a color
triangle.

FIG. 5 1s a drawing showing the color triangle 1n which a
signal component of flesh color 1s being divided mto a R
component and an'Y component.

FIG. 6 1s a cross-sectional view of a HSL color model for
showing a change of gradation level of a signal before and
alter the color compensation operation in the first embodi-
ment of the present invention.

FI1G. 7 1s a flow chart showing a flow of color conversion
operation according to the second embodiment of the present
invention.

FIG. 8 1s a schematic view showing an example of extrac-
tion of the color components from an input signal for carrying
out color collection calculation.

FI1G. 9 1s a cross-sectional view of a HSL color model for
showing a change of gradation level of a signal before and
alter the color compensation operation 1n the second embodi-
ment of the present invention.

FIG. 10 1s a block diagram schematically showing an
arrangement ol a color display device according to the sixth
embodiment of the present invention.

FI1G. 11 1s a cross-sectional view of a HSL color model for
showing a change of gradation level of a signal before and
aiter the color compensation operation in the sixth embodi-
ment of the present invention.

FIG. 12 1s a block diagram schematically showing an
arrangement of a color display device according to the eighth
embodiment of the present invention.

FI1G. 13(a) shows a perspective view of a HSL color model
and FIG. 13(b) shows a cross-sectional view of a HSL color
model.

FI1G. 14 1s a cross-sectional view of a HSL color model for
showing a change of gradation level of a signal before and
alter the color compensation operation.

FI1G. 15 1s a drawing showing an example of a relationship
between saturation and coetficient in calculation to obtain a
compensation value.
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FIG. 16 1s a cross-sectional view of a HSL color model for
showing a change of gradation level with or without tlesh

color control.

FIG. 17(a) shows a graph with the minimum luminance=0,
and FIG. 17(b) shows a graph with the maximum luminance
close to the maximum gradation value.

FIG. 18 1s a cross-sectional view of a HSL color model for
showing a change of gradation level of a signal before and
alter the color compensation operation with a weighting func-
tion according to the third embodiment of the present inven-
tion.

FIG. 19 shows a graph where the maximum luminance 1s
increased in the color compensation according to the fourth
embodiment of the present invention.

FIG. 20 shows a graph where the maximum luminance 1s
increased and also the mimimum luminance 1s decreased 1n
the color compensation according to the fourth embodiment
of the present invention.

FIG. 21 shows a graph showing a relationship between
luminance of an mput 1mage signal and the actual luminance
of a display device.

FIG. 22 shows a graph showing a relationship between
transmittance and a change in chromaticity.

FIG. 23 1s a block diagram minutely showing an arrange-
ment of a color display device having an outside light detect-
ing device shown 1n FIG. 12.

FIG. 24 15 a flow chart showing a flow of color conversion
operation according to the seventh embodiment of the present
invention.

FIG. 25 1s a drawing showing an example of a function fnr
used 1n the color conversion operation according to the sev-
enth embodiment.

FIG. 26 1s a drawing showing another example of the
function inr used 1n the color conversion operation according
to the seventh embodiment.

FIG. 27 1s a block diagram 1illustrating an arrangement of a
color display device according to the ninth embodiment.

FIG. 28 1s a block diagram 1illustrating an arrangement of a
color display device according to the tenth embodiment.

FIG. 29 1s a block diagram illustrating an arrangement of a
color display device according to the eleventh embodiment.

FIG. 30 1s a block diagram illustrating an arrangement of a
color display device according to the twelfth embodiment.

DESCRIPTION OF THE EMBODIMENTS

First Embodiment

One embodiment of the present invention will be described
below with reference to FIGS. 1 through 5.

The present embodiment uses an mnput color signal made
up of three colors, R, G and B, of N gradations (Black 0 to
white (N-1)). More specifically, the mnput image signal 1s a
color digital signal of 3n bits and 1s made up of a digital signal
R of n bit and N gradation (N=2") that indicates a gradation
level of red with an 1nteger r 1n a range of 0 to N-1; a digital
signal G of n bit and N gradation (N=2") that indicates a
gradation level of green with an integer g 1n a range of 0 to
N-1; and a digital signal B of n bit and N gradation (IN=2")
that indicates a gradation level of blue with an mteger b 1n a
range o 0 to N-1. Further, the gradation level of saturation 1s
denoted by the difference between the maximum value and
the minimum value of r, g and b, and the gradation level of
luminance 1s denoted by the maximum value of r, g and b.

As shown 1n FIG. 1, a color display device 100 includes a
color liquid crystal display panel 102 and a color conversion
operation circuit 101 for processing the input color image
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signal RGB and outputting the processed color image signal
R'G'B'to the color liquid crystal display panel 102.

The color liquid crystal display panel 102 includes a back-
light 103 as a light source, a color liquid crystal display
clement 106 having a large number of TFTs (Thin Film Tran-
s1stors ) for switching a liquid crystal layer, a source driver 104
tor supplying display signals to the source electrodes of the
TFTs, a gate driver 103 for supplying gate voltages (scanning
signals) to the gate electrodes of the TFTs, and a timing
controller 107. The timing controller 107 supplies the color
image signal R'G'B'to the source driver 104, and also controls
the source driver 104 and the gate driver 105 by supplying a
control signal thereto. Although the present example 1s dis-
cussed 1n conjunction with a liquid crystal display panel as the
color display device, it should be understood that the present
invention also may be used in conjunction with other display
devices capable of color display, including but not limited to
a cathode ray tube (CRT), a plasma display panel (PDP), etc.

The color conversion operation circuit 101 assorts input
image signals into six patterns (s1x hue domains) depending
on the level relationship between the respective gradation
levelsr, g and b thereol, so as to carry out different calculation
operations for each input color image signal depending on
whether the 1input color image signal belongs to which of six
patterns of the relationship.

FIG. 2 shows an operation flow of the color conversion
operation circuit 101. When an 1mage signal RGB 1s inputted
(S201), the color conversion operation circuit 101 determines
the level relationship of the gradation levels r, g and b of the
respective color signals 1n the mput signal (5202). More
specifically, the color conversion operation circuit 101 deter-
mines whether the input signal belongs to which of the fol-
lowing six patterns (six hue domains) of the relationship
between the gradation valuesr, g and b of the respective color
signals 1n the input signal.

[1]r>g>b

[2]r>b>g

[3|b>r>g

[4]b>g>1

[5]g=>b>r

[6]g>1>b

It should be noted that the assortment of the gradation
levels r, g and b 1nto six patterns 1s not limited to that
described below but may be other combinations. For
example, the [1] through [6] may 1nstead be r=g, g<r, r=b,
b<r, g=b, and b<g, as long as the respective formulas denote
different ranges, 1.e., their ranges are not overlapped with
cach other.

Next, compensation values ro, go, bo, yo, mo and co are
calculated for carrying out color compensation of the respec-
tive color components: R, G, B, Y, M and C (5204).

The compensation values for the domains [1] through [6]
are calculated according to the following formulas,

For the domain [1] expressed as (r=g=b):

ro=Krg(r-g)"", vo=Kyg(g-b)

go=bo=mo=co=0
For the domain [2] denoted by (r=b>g):

ro=Krb(r-bY"", mo=Kmb(b-g)"™

go=bo=yo=co=0
For the domain [3] expressed as (b>r=g):

bo=Kbr(b-r\""* mo=Kmr(r-g)"™

ro=go=yo=co=0
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For the domain [4] expressed as (b>g>r):

bﬂ:Kbg(b—g)N > co :ch(g—r)N ©

ro=go=yo=mo==0

For the domain [5] expressed as (g=b>r):

g0=Kgh(g-b)Y"8, co=Kch(b-rY'¢

ro=bo=yo=mo=0

For the domain [6] expressed as (g>r=b):

go=Kgr(g-r)"%, yo=Kyr(r-b)™

ro=bo=mo=co=0

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are constants or variables, and Nr, Ng, Nb, Ny,
Nm and Nc¢ are constants not less than 0.

The ratio of enhancement degree of saturation between the
white side and the monochrome side may be controlled by
providing values to Nr, Ng, Nb, Ny, Nm and Nc, and raising
the difference between r, g and b by the powers of the values.
For example, when the value of Nr 1s larger than 1, the red on
the white side (achromatic red) 1s more enhanced; conversely,
when the value of Nr 1s smaller than 1, the monochrome red
1s more enhanced. This change in ratio of saturation 1s shown
in FIG. 3.

In the case where Nr=1, for example, the compensation
value ro of r in the domain [1] becomes ro=Krg (r-g) and
linearly changes according to the difference between r and g,
as shownin FIG. 3. On the other hand, 1n the case where Nr>>1,
the degree of saturation 1s more enhanced 1n the vicinity of
monochromatic color compared to that in the vicinity of
achromatic color, as shown 1n FIG. 3. Further, 1in the case
where Nr<1, the degree of saturation 1s more enhanced 1n the
vicinity of achromatic color compared to that in the vicinity of
monochromatic color, as shown 1n FIG. 3.

By thus setting up each value of Nr, Ng, Nb, Ny, Nm and Nc
upon calculation of compensation values, i1t 1s possible to
independently and finely control r, g, b, y, m and c.

The following describes a preferable example for setting,
the value of Nb. In view of a tendency such that the degree of
enhancement of saturation 1s low when the difference
between the rgb values of an mput image signal 1s small and
an input image signal 1s close to achromatic color; a condition
Nb<1 1s satisiied so that the compensation value bo for per-
forming the color compensation above increases, and the
saturation near achromatic color can be effectively enhanced.
It 1s desirable to set Ng, Nc, and Nm to be not more than 1 as
well.

However, 1t 1s not desirable to set Nr and Ny to be not more
than 1, as the Nr and Ny are coelficients for determining the
color compensation values ro and yo which greatly atfect 1n
expressing a flesh color as an achromatic color.

More specifically, 11 a flesh color 1s enhanced 1n saturation
as 1n the manner above, the flesh color becomes deeper when
appeared 1n the display panel. As such, it may appear to a user
as “a deep tlesh color with heavy makeup” since tlesh color 1s
reproduced directly to some extent in the displayed image
when reproduced with a display panel having a wide color
reproduction range.

This problem may be solved by setting small values for the
coellicients Krg-Krb-Kyg-Kyr. However, 11 these coellficients
are set small, then the degree of saturation of ared for express-
ing an “apple” or an yellow for expressing a “mandarin
orange” will not be enhanced.
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Thus, 1t 1s better for monochromatic colors, 1.e., red or
yellow, to enhance 1n saturation as much as possible, whereas
achromatic colors, 1.e., flesh color, should be minimally
enhanced.

Then, as shown 1n FIG. 15, 1t 1s possible to enhance red or
yellow 1n saturation as much as possible. Further, this should
be done while minimally enhancing achromatic colors, 1.¢.,
flesh color. These should be mimmally enhanced by setting
Nr and Ny to be not more than 1.

Moreover, if Nr and Ny are set larger than 1 as shown in
FIG. 15, the saturation of other colors than flesh color may not
tully be enhanced. In view of this, it 1s desirable to set coet-
ficients Krg, Krb, Kyg and Kyr twice as great as other coet-
ficients Kbr, Kbg, Kgb, Kgr, Kmb, Kmr, Kcg and Kcb.

Further, 1n the actual operation, it 1s necessary to perform
the color compensation 1n consideration of coellicients Krg-
Krb-Kyg-Kyr. The ifollowing will explamn changes 1n
enhancement degree of saturation when taking these coetli-
cients into consideration with reference to the HSL color
model of FIG. 16.

As shown 1n FI1G. 16, comparison of a domain 1601 with a
domain 1602 indicates that change of luminance 1n colors 1n
the viciity of flesh color 1s reduced when tlesh color 1s
controlled by setting Nr and Ny not more than 1. Moreover,
referring to the domain 1603 in the color model with the flesh
color control, 1t turns out that the degree of saturation 1is
enhanced 1n the vicinity of monochromatic color as much as
the case without flesh color control.

The foregoing variables may be expressed as follows:

Krg=Crifrg(rg), Krb=Cr frb(rb)

Kgr=Cg-fgr(gr), Kgb=Cgfgb(gb)

Kbr=Cb-fbr(b,r), Kbg=Cb-fbg(bh,g)

Kyg=Cy fyg(nb), Kmb=Cm fmb(r,g)
Kmr=Cm-fmr(b,g), Kcg=Cec:fcg(b,r)

Keb=Cc-fchb(g,r), Kyvr=Cy-fyvr{g,b)

where, Cr, Cb, Cg, Cy, Cm and Cc are constants, irg, irb,
tor, 1gb, tbr, tbg, fyg, fmb, tmr, fcg, Icb, fyr are functions
which respectively change depending on the values of r, g and
b 1n the corresponding bracket, and r, g and b are variables
obtained by dividing original gradation levels of the RGB
components of the input color 1mage signal by a maximum
gradation value N-1.

Further, assuming that the coeflicients Krg, Krb, Kbr, Kbg,
Kgb, Kegr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb are variables,
the coellicients may be expressed as follows:

Krg=Crfar(r)fag(g), Krb=Cr-far(r)fab(b)

Kgr=Cg-fag(g).far(r), Kgb=Cg fag(g)-fab(b)

Kbr=Cb-fab(b)far(r), Kbg=Cbh-fab(b) fag(g)
Kyvg=Cyv-far(r)fab(b), Kmb=Cm-far(r)fag(g)
Kmr=Cm-fab(b)fag(g), Kcg=Ccfab(b)far(r)

Kcb=Cc fag(g).far(r), Kyr=Cy fag(g) fab(b)

where Cr, Ch, Cg, Cy, Cm and Cc are constants, far, fab,
fag, fay, fam, fac are functions which respectively change
depending on the values of r, g and b in the corresponding
bracket, and r, g and b are variables obtained by dividing
original gradation levels of the RGB components of the input
color image signal by a maximum gradation value N-1. Fur-
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ther, 1t 1s preferable that the coellicients far (r), fag (g), and fab
(b) are continuous functions which gives O whenr, g, b (0=r,
gb=1)areOor 1.

As a specific example, the functions may be expressed as
follows:

[,

Kb =Cr-ar-ab
Kgb=Cg-ag- ab
Kbg =Cb - ab - ag
Kmb=Cm - ar-ag
Kcg=Cc-ab- ar
Kyr=Cy-ag-ab

Krg=Cr- ar-ag,
Kgr=Cg- ag - ar,
Kbr=Cb - ab - ar,
Kyg =Cy - ar - ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

where Cr, Cb, Cg, Cy, Cm and Cc are constants.

Further, the foregoing ar, a.g and ab may be functions
(weighting function) which change depending on the grada-
tion levels r, g and b, and are expressed as:

ar = f, x 1* (0 = r < Mr)
ar=1, x (1 -1)* (Mr=r=1)
ag=gox g (0 = g <Mg)
ag=g;x (1-g)f Mg =g=1)
ab =h, x b* (0 < b <Mb)
ab=h; x (1 - b)* (Mb=b=1)

where, 1,,1,, g, 2,,h,, h,, Mr, Mg, Mb, and k are constants,
and r, g, and b are obtained by dividing original gradation
levels of the RGB components of the input color image signal
by a maximum gradation value N-1. These ar, a.g and ab are
functions where the values of gradation levels r, g and b
(obtained by dividing original gradation levels of the RGB
components of the mput color image signal by a maximum
gradation value N-1, and 1s standardized as 1) monotonically
increase 1n a range of not less than 0 and less than M (M 1s an
integer irom O to 1), and monotonically decrease 1n a range of
not less than M and less than 1.

By thus carrying out weighting with a coelfficient mono-
tonically increase or monotonically decrease depending on
the gradation level of the mput signal, it 1s possible to carry
out color compensation 1n which saturation of mixed color 1s
enhanced while saturation of the domain 1n the vicinity of
monochromatic color 1s reduced.

More specifically, the functions ar, ag and ab may be
expressed as follows:

ar=2xr (0 =r<0.5) (1)
ar=2x (1 -r1) 05=r=1) (2)
ag=2xg (0 = g<0.5) (3)
ag=2x(1-g) (05 =g=1) (4)
ab=2xb (0 =b<0.5) (5)
ab=2x (1 -b) (05 =b=1) (6)

wherer, g and b are functions obtained by dividing original
gradation levels of the RGB components of the input color
image signal by a maximum gradation value N-1, and then
are standardized.

Further, they may also be denoted as follows:

ar=4xr (0 = r <0.25) (1)’
ar=4/3x (1 - 1) 025=r=1) (2)
ag=4xg (0 = g<0.25) (3)'
ag=4/3x (1 -g) (0.25=g=1) (4)"
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-continued
ab =4 x b (0 < b <0.25) (5)
ab =4/3 x (1 - b) 025 =b=1) (6)

where r, g and b are functions obtained by dividing original
gradation levels of the RGB components of the input color
image signal by a maximum gradation value N-1, and then
are standardized.

The foregoing Expressions (1) through (6), and (1 )'through
(6)use linear functions. However, the present invention, 1n at
least one embodiment, also allows the use of exponential
functions or trigonometric functions. Further, the range of the
domain where mixed color monotonously increases may be
controlled by changing the threshold of 0.5 for dividing the
domain of condition to 0.25 or 0.7.

Based on the compensation values ro, go, bo, yo, mo, and
co thus obtained, color 1image signals R'G'B'after color con-
version (having gradation levelsr', g', and b', respectively) are
calculated according to following Expressions (7) through (9)
(S204). The resulting values are then outputted to the color
liquad crystal display panel 102 (S205).

r'=r+ro+vo+mo

(7)

(8)

g=g+go+vo+co

b'=b+bo+mo+co

9)

The respective output signals r', g', and b'for the foregoing
s1X domains [1] through [6] may be expressed as follows by
incorporating the above-mentioned Expressions for calculat-
ing the respective compensation values for the domains [1]
through [6], For the domain [1] expressed as (r=g=b):

r'=r+ro+vo
g'=gtyo

b'=b
For the domain [2] expressed as (r=b>g):

y'=r+vo+mo

| -

g~ &

b'=b+mo

For the domain [3] expressed as (b>r=g):

b'=b+bo+mo

For the domain [4] expressed as (b>g>r):

b'=b+bo+co

For the domain [5] expressed as (g=b>r):

y'=y
g=g+go+co

b'=b+co
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For the domain [6] expressed as (g>r=b):

r'=r+yo

g'=g+go+yo

b'=b.

As described, the foregoing Expressions are to individually
perform color compensation for two color components of the
three color components of RGB, except for the smallest com-
ponent. More specifically, the greatest component 1n grada-
tion level among the three components of RGB 1s compen-
sated by using both the compensation value of the greatest
component and the compensation value of the complemen-
tary color of the greatest component and the second greatest
component.

Further, the second greatest component in gradation level
among the RGB components 1s compensated by using the
compensation value of complementary color of the greatest
component and the second greatest component. For example,
when an input signal of the domain [1] 1s inputted, color
compensation 1s performed with respect to the greatest signal
R and the second greatest signal G with a manner such that the
signal R 1s compensated by using the compensation value ro
of a component R, and the compensation value yo of an Y
component of the complementary colorY; and the signal G 1s
compensated by using the compensation value yo of Y com-
ponent.

The process of the color conversion by the above operation
expression will be schematically explained below with refer-
ence to FIGS. 4 and 5. FIG. 4 15 a schematic view in which the
foregoing six patterns are expressed as a Maxwell’s color
triangle. The foregoing six patterns [1] through [6] corre-
spond to the domains [1] through [6] 1n the color triangle,
respectively.

A color tnangle 1s made by allotting the three primary
colors of red (R), green (), and blue (B) to each vertex of an
equilateral triangle, so as to show hues made by mixture of
three primary colors. The hues are shown as different posi-
tions 1n a coordinate system.

The intersection of three lines connecting each vertex and
the middle point of each side expresses white, and the middle
point of the line connecting R and G expresses yellow (Y) as
complementary color which contains of R component and G
component 1n equal amount. Similarly, the middle point of
the line connecting R and B expresses magenta (M) as
complementary color which contains R component and B
component 1 equal amount, and the middle point of the line
connecting B and G expresses the cyan (C) as complementary
color which contains B component and G component 1n equal
amount. Further, the gradation level becomes higher from the
intersection to the vertex R, and the vividness (saturation) of
a color becomes stronger from the intersection to the vertex R.
The same holds true with regard to G, B, Y, M, and C.

FIG. 5 shows an example of the color tnangle, showing a
pixel 1n an 1mage of a people’s face. The position of the pixel
on the color triangle changes depending on the shooting cir-
cumstances, the individual difference, and the race etc. How-
ever, 1n this example, the flesh color of the mputted 1image
belongs to the domain [1], and 1s mainly expressed with the
yellow (Y) component and the red (R) component.

When a color display device displays an 1image taken by a
digital camera, or a picture of television broadcasting, the
image or the picture are displayed in some cases with color
conversion so as to increase saturation and/or luminance to be
greater than the original image 1n order to obtain more color-
tul picture or more vivid colors. People’s eyes generally have
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a characteristic to immediately notice a delicate change of the
flesh color of people’s face. Therefore, 11 the saturation is
uniformly performed by the same degree with respect to an
input image signal with no amount of the type of color, 1t will
appear that only the tlesh color of people’s face 1s excessively
enhanced compared with the background etc., thus resulting
in an unnatural picture.

Then, 1n order to suppress such defect, the coellicients Krg,
Krb, Kyg and Kyr relating to r'and y'are controlled indepen-
dently, and are set smaller than other coefficients. As a resullt,
the enhancement of saturation 1s suppressed only 1n the
domain [1], while maintaining the same degree of saturation
in other domains, thus suppressing enhancement of saturation
of the flesh color. Further, in this manner, enhancement of
saturation may not suificiently work to other colors than the
flesh color, such as red or yvellow. However, this problem can
be solved by enhancing only the monochrome side of the red
or yellow by increasing the constants of Nr and Ny.

Moreover, as another method of suppressing the above-
mentioned defect, the foregoing coetlicients Krg, Krb, Kbr,
Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb, and Kyr may
satisty Krg=Krb=Kbr=Kbg=Kgh=Kgr=C (C 1s a constant),
and Kyg=Kmb=Kmr=Kcg=Kcbh=Kyr=C/2. That 1s, the coel-
ficients for compensating YMC components are set smaller
than the coetficients for compensating RGB components. In
this manner, 1t 1s possible to suppress the Y component. Fur-
ther, the same value may be set for each value of the coetli-
cient for compensating YMC components, as well as each
value of the coetlicients for compensating RGB components.
In this manner, enhancement degree of saturation may be
uniformed 1n the three primary colors RGB and the comple-
mentary colors YMC.

Furthermore, as another possible method, the coelflicients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb and
Kyr are expressed as variables by using the above-mentioned
welghting functions, and each value of Cr, Cg, Cb, Cy, Cm,
and Cc 1s set to satisty Cr=Cg=Cb=C and Cb=Cy=Cm=(C/2
(C 1s a constant), and then calculation 1s carried out according
to the foregoing Expressions (7) through (9). In this case,
since calculation 1s performed with the variables which
change according to the gradation level, the gradation level
after the calculation will not exceed the maximum gradation
level.

For example, when calculation 1s performed by using con-
ventional constants with respect to an 1mput signal R ((r, g,
b)=(200/253, 0, 0)) as a monochromatic color having the
maximum gradation of 253, the calculation comes out as=(r,
g b)=(300/255, 0, 0). Since a larger value than 2535 gradation
1s subjected to clipping due to the restriction based on 8-bit
digital circuitry, the resulting display becomes (r, g, b)=(2355/
255, 0, 0). On the other hand, when calculation for color
compensation 1s performed using the different constants for
the respective six domains, the display result becomes (r, g,
b)=(200/255, 0, 0). In this case, the value after the calculation
stays the same as before, and thus the saturation 1s not
enhanced. However, this 1s based on the idea that the degree of
enhancement should be set small or 1t should not be enhanced
at all 1n the case of a signal with high saturation or high
luminance, so as not to damage expression of the entire view
of the image. Therefore, in this manner, 1t 1s possible to
individually control the RGB components and the YMC com-
ponents, and to prevent the gradation level from exceeding the
maximum value, thus displaying a picture with the colors
desirably compensated.

Incidentally, the foregoing calculation operation in the
color conversion processing circuit 101 may be performed by
software which enforces a program with a CPU included 1n
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the color display 100. Alternatively, 1t may also be performed
by hardware using logic circuits including but not limited to
FPGA and/or ASIC.

When the calculation 1s performed by software, the pro-
gram can be mounted to a computer (including, but not lim-
ited to any type of personal computer device) by which the
program 1s enforced. Moreover, since operation time will be
shorter with the use of hardware, 1t 1s suitable for a display
requiring high-speed processing within one frame (16.7 ms),
such as a liquid crystal television for displaying TV programs.

However, on the other hand, since the calculation becomes
more complicated when carried out by hardware, the number
of logics increases. In this case, the structure of hardware may
be simplified by expressing each of the coellicients Krg, Krb,
Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb and Kyr 1n
the form of 1/(integer power of 2), since this color image
signal 1s a binary digital signal, and the calculation for mul-
tiplying the digital signal by 1/(integer power of 2) can easily
performed by shift.

Moreover, the structure of hardware may be simplified by
using the same value for each compensation coellicient of
s1x-color components. More specifically, the number of log-
ics for calculating the compensation values of six-color com-

ponents can be reduced by satistying Krg=Krb=Cr,
Kegr=Kgb=Cg, Kbr=Kbg=Cb, Kyg=Kyr=Cly,
Kmb=Kmr=Cm, and Kcg=Kcb=Cc.

Moreover, 1f the same value 1s set for the coellicients of the
three primary colors RGB and the three complementary col-
ors YMC such as in the case of Cr=Cg=Cb=Crgb or
Cy=Cm=Cc=Cymc, the structure of hardware can be further
simplified.

Further, since this saturation enhancement method of the
present embodiment allows fine control of enhancement
degree of saturation, 1t can also be suitably used for mobile
phones including half-transmission liqud crystal with low
contrast, and/or for other liquid crystal devices including but
not limited to liquid crystal display televisions with high
contrast. In these cases, the parameter of enhancement degree
ol saturation may be set up beforechand, or may otherwise
allow a user to arbitrary and desirably set up upon actual
usage.

EXAMPLE 1

The following describes an example based on the present
embodiment. In this example, color compensation 1s carried
out with reference to the foregoing formulas (1) through (9)
with respect to an 1image of one’s face received from televi-
s1on broadcasting. Each of the input color image signals RGB
1s an 8-bit signal (n=8) of 256 gradation (N=256). Further, by
using the weighting functions (1) through (6) above, the fore-
go1Ng coellicients satisty Cr=Cg=Cbh=0.5,
Cy=Cm=Cc=0.25, and Nr=Ng=Nb=Ny=Nm=Nc=1.

When an 1mage 1s sent, the display device performs color
compensation individually for each signal corresponding to
the pixels of the display device. The following explains pro-
cess of color compensation 1n the case of compensating a
signal of a pixel expressing flesh color of the face. This signal
includes RGB components expressed as (r, g, b)=(192/2335,
160/255, 128/255).

The first step 1s performed to determine a relationship of
the RGB components in terms of their gradation level. In this
example, 1t 1s determined that the level relationship 1s r>g>b,
meaning that the signal belongs to the domain [1]. The gra-
dation values 1n the domain [1] are expresses as follows
according to the above-mentioned Expressions.
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r'=r+ro+vo

g'=gtyo
b'=b
r'=r+ro+vo

g'=g+yo

b'=b

Further, referring to r=192/233, g=160/255, b=128/255, in
the domains (1) through (6), r, g, b are calculated by using (2),
(4) and (6), as follows.

ro=Krg(r-g)

yo=Kyg(g-b)
Further, Krg and Kyg are expressed as follows.

Krg=Crx2(1-r)x2(1-g)

Kyg=Cvx2(1-r)x2(1-0)

Accordingly, with the values of r, g and b above, the gra-
dation levels of the R'G'B'components after color conversion
may be modified as follows.

r'=r+ro+yo=210/255
g'=g+vo=167/255

b'=b=128/255

Further, following explains the case of compensating a
signal for expressing a pixel of a landscape image made of a
large amount of B component. This signal includes RGB
components expressed as=(r, g, b)=(128/255, 160/255, 192/
2535). The calculation 1s performed as in the case above, and
the gradation levels of the R'G'B'components after color con-
version are modified as=(r', g', b")=(128/255, 167/255, 210/
2535). This series of calculations are performed with respectto
the all pixels of the input 1mage, and the signal R'G'B'as the
calculation result 1s displayed on the display panel 102.

FIG. 6 1s a schematic cross-sectional view of a HSL color
model, showing a process of a change 1n gradation level of the
B component and the Y component of the input image of the
present Example. As shown 1n FIG. 6, 1t can be seen that the
enhancement degree (602) of saturation of the Y component
for expressing the tlesh color of people’s face 1s suppressed
compared with the enhancement degree (601) of saturation of
the B component included 1n a background view etc.

That 1s, 1n the present Example, the enhancement of satu-
ration was fully carried out with respect to the domain requir-
ing greater saturation, such as a background view, while sup-
pressing the enhancement of saturation of a color not
requiring greater saturation. Further, since variables ware
used for the color compensation calculation, each gradation
level after color compensation does not fall outside the HSL,
thus carrying out the color compensation without exceeding,
the maximum saturation and luminance.

Moreover, this Example also proved that the displayed
image has no defects of a discontinuous line even in the
vicinity of borderlines for dividing domains [1] through [6],
since the color compensation according to the present
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embodiment 1s performed by enhancing saturation from an
achromatic color toward a monochrome color.

Second Embodiment

The following will explain another embodiment of the
present invention with reference to FIGS. 7 through 9. In
comparison with the first embodiment, the color conversion
operation circuit 101 carries out different operation 1n which
the calculation 1s carried out with the account of white com-
ponent of the input color signal as well as the six components
RGBYMC. Since this embodiment has a similar structure to
the first embodiment, materials having the equivalent func-
tions as those shown in the drawings pertaining to the first
embodiment above will be given the same reference symbols,
and explanation thereof will be omitted here for ease of expla-
nation.

FIG. 7 shows an operation flow of the color conversion
operation circuit 101. When an image signal RGB 1s inputted
(S701), the color conversion operation circuit 101 determines
the level relationship among the gradation levels r, gand b of
the respective color signals 1n the 1nput signal (5702). More
specifically, the color conversion operation circuit 101
detects which pattern of the six patterns: [1]=r>g>b,
[2]=r>b>g, [3]=b>r>g, [4]=b>g>r, [ 5S]=g>b>r and [6]=g>1>b
corresponds to the pattern of the gradation values r, g and b of
the input signal.

Next, compensation values ro, go, bo, yo, mo and co are
calculated for carrying out color compensation of the respec-
tive color components: R, G, B, Y, M and C (S704). Here, wo
expresses a white component of the mput color signal. The
compensation values of the respective domains [1] through
[6] are calculated according to the following Expressions.

For the domain [1] expressed as (r=g=b):

ro=Krg(r-g)
yo=Kyg(g-b)
wo=fw(b)

go=bo=mo=co=0
For the domain [2] expressed as (r=b>g):

ro=Krb(r-b)
mo=Kmb(b-g)

wo=fw(g)

go=bo=yo=co=0
For the domain [3] expressed as (b>r=g):

bo=Kbr(b-r)
mo=Kmr(r—-g)

wo=fw(g}

ro=go=yo=co=0
For the domain [4] expressed as (b>g>r1):

bo=Kbg(b-g)

co=Kcg(g-r)

wo=fw(r)

ro=go=yo=mo=0
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For the domain [S] expressed as (g=b>r):
go=Kgb(g-b)
co=Kcb(b-r)
wo=fw(r)

ro=bo=yo=mo=0
For the domain|[6] expressed as (g>r=b):

go=Kgr(g-r)
vo=Kyr(r-b)
wo=fw(b)

ro=bo=mo=co=0

where Krg, Krb, Kbr, Kbg, Kgb, Ker, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are constants or variables, and tw(X) (X 1s one
of r, g and b) 1s a function which changes depending on the
values of r, g and b.

The function fw(x) may be expressed as, for example:

w(X)=CwX*

where Cw and Z are constants, and X 1s one of the r, g and
b.

Otherwise, the Tunction fw(x) may be expressed as:

IWX)=CwoX(o=X<Mw)

S X)=Cw (1-X)(Mw=X=))

where Cw,, Cw,, Mw are constants.

Further, the foregoing coellicients Krg, Krb, Kbr, Kbg,
Kegb, Ker, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb may be con-
stants or variables. If they are variables, the variables adopted
in the first embodiment may be used to obtain the same effect.
That 1s, the variables may be expressed, for example, as
follows:

Krg=Crfar(ryfag(g), Krb=Crfar(r)fab(b)
Kgr=Cgfag(g)far(r), Kgb=Cg fag(g).fab(h)

Kbr=Cb-fab(b)-far(r), Kbg=Cbh-fab(b)-fag(g)
Kyg=Cyfar(r):fab(b), Kmb=Cmfar(r).fag(g)
Kmr=Cm-fab(b)fag(g), Kcg=Cc-fab(b)-far(r)

Kcb=Cc:fag(g) Jar(r), Kyr=Cy-fag(g)-fab(b)

where, Cr, Cb, Cg, Cy, Cm and Cc are constants, far, fab,
fag, fay, fam and fac are functions which respectively change
depending on the values of r, g and b in the corresponding
bracket, and r, g and b are variables obtained by dividing
original gradation levels of the RGB components of the input
color image signal by a maximum gradation value N-1. Fur-
ther, the coeflicients far (r), fag (g), and fab (b) may be
expressed as continuous functions which gives O whenr, g, b
(0=r, g, b=1) are O or 1. Further, the variables may be
expressed as:

Krb=Cr-ar-ab
Kgb=Cg-ag- ab
Kbg=Cb-ab- ag
Kmb =Cm - ar- ag
Kcg=Cc- ab - ar
Kyr=Cy-ag-ab

Krg =Cr- ar- ag,
Kegr=Cg - ag - ar,
Kbr=Cb - ab - ar,
Kyg =Cy - ar- ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,
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where Cr,Cb,Cg,Cy,Cm and Cc are constants. The ar, ag
and ab may be expressed as follows:

ar = fy x 1* (0 = r < Mr)
ar=1, x (1 -1)* (Mr=r=1)
ag=gox g’ (0 = g<Mg)
ag=g; x (1-g)" Mg = g =1)
ab = hy x bF (0 = b < Mb)
ab=h, x (1 - bY* (Mb < b = 1)

where1,,1,, g,, 2, hn, h;, Mr, Mg, Mb and k are constants,
and r, g and b are variables obtained by dividing original
gradation levels of the RGB components of the input color
image signal by a maximum gradation value N-1. Further,
more specifically, ar, ag and ab may be expressed as:

ar=2xr (0 =r<0.5) (1)
ar=2x(1-r1) 05=r=1) (2)
ag=2xg (0 = g<0.5) (3)
ag=2x(1-g) (05 =g=1) (4)
ab=2xb (0 =b <0.5) (5)
ab=2x(1-b) (05 =b=1) (6)

where r, g and b are variables obtained by dividing original
gradation levels of the RGB components of the input color
image signal by a maximum gradation value N-1. Otherwise,
ar, o.g and ab may further be expressed as follows:

ar=4xr (0 =1r<0.25) (1)’
ar=4/3x (1 - 1) 0.25=r=1) (2)
ag=4xg (0 = g<0.25) (3)'
ag=4/3x (1 -g) (0.25=g=1) (4)"
ab=4xb (0 = b <0.25) (5)
ab =4/3 x (1 - b) (0.25=b =1) (6)'

where r, g and b are variables obtained by dividing original
gradation levels of the RGB components of the input color
image signal by a maximum gradation value N-1.

Next, based on the compensation values ro, go, bo, yo, mo,
co and wo thus obtained, color image signals R'G'B'after
color conversion (having gradation levelsr', g', and b', respec-
tively) are calculated according to following Expressions (10)
through (12) (58704). The resulting values are then outputted
to the color liquid crystal display panel 102 (S8705).

r'=r+ro+vo+mo+wo (10)

(11)

(12)

g=g+go+vo+co+wo

b'=b+bo+mo+co+wo

As described, with the foregoing Expressions, color com-
pensation 1s performed by dividing the three color compo-
nents of RGB into six hue domains according to the level
relationship of them, and obtains three primary color compo-
nents RGB, complementary color components YMC and a
white component W, each of which are then multiplied by a
coellicient. Then, the orniginal primary three color compo-
nents RGB are modified through addition/subtraction accord-
ing to the result of multiplication.

FIG. 8 schematically shows the respective color compo-
nents for color compensation extracted from an nput color
signal 1n the case where the input signal of the domain [1] 1s
inputted. The extracted values here are (r—g) for the R com-
ponent 801, (g—b) for the Y component 802, and b for the W
component 803.
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More specifically, the primary color components are com-
pensated based on the difference between the greatest com-
ponent and the second greatest component of the mput three
primary color components RGB. Further, the complementary
color components are compensated based on the difference
between the second greatest component and the smallest
component of the imput three primary color components
RGB. Still further, the white component 1s compensated
based on the smallest component of the input three primary
color components RGB.

As can be seen 1n the calculation results of the Expressions
(1) through (6), and (10) through (12), the luminance level 1n
a domain close to an achromatic color may be reduced when
the function Itw(X) 1s a function returning a negative value
under X=r, g, b. Consequently, the monochromatic colors
have greater luminance than that of mixed colors, and the
saturation ol monochromatic colors 1s visually enhanced.
This thus creates a more bright and vivid picture than the
original picture.

Further, by setting different values for the six colors com-
ponents, it 1s possible to obtain particular brightness for a
specific color. For example, by setting the coellicients Krg
and Krb for compensating red color to be greater than the
other coellicients, only the red color will be more brightly
displayed, thus creating a picture having bright colors.

EXAMPLE 2

The following describes an example based on the present
embodiment. In this example, color compensation is carried
out with reference to the foregoing formulas (1) through (6),
and (10) through (12), with respect to an 1mage of a landscape
received from television broadcasting. Each of the input color
image signals RGB 1s an 8-bit signal (n=8) of 256 gradation
(N=256). Further, by using the weighting functions (1)
through (6) above, the {foregoing coellicients satisly
Cr=Cg=Cb=0.5, Cy=Cm=Cc=0.23, and fw (X)=-0.0625-X.

When an image 1s sent, the display device performs color
compensation individually for each signal corresponding to
the pixels of the display device. The following explains pro-
cess of color compensation in the case of an achromatic signal
of a pixel with the RGB components expressed as (r, g,
b)=(255/253, 255/235, 255/255). First of all, according to the
above-mentioned Expressions (1) through (6), a relation
where ro=go=bo=yo=mo=co=0 1s found. Then, with refer-
ence to the Expressions (10) through (12), the following
Expressions are further found.

r'=r+ro+vo

g'=g+yo

b'=b

Further, referring to the relation where wo=-0.125x255/
255=-16/255 (the formula below the decimal point 1s omit-
ted), a relation where (r', g', b')=(239/253, 239/255, 239/255)
1s found. As described, 1n the case of an achromatic signal, no
positive compensation values are contained, as the compen-
sation values ro, go, bo, yo, mo and co all become 0. Accord-
ingly, the negative compensation value of the white compo-
nent will become more effective. Thus, luminance level after
the color compensation can be reduced.

Furthermore, the following describes the case of compen-
sating a monochromatic red signal of a pixel in the landscape
image. The signal includes the RGB components expressed
as=(r, g, b)=(255/235, 0, 0). In this case, the compensation
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values ro, go, bo, yo, mo and co all become 0. Further, since
the smallest value of the rgb components 1s 0, wo also

becomes 0.

Accordingly, the compensation comes out as (r', g', b')=
(255/255, 0, 0). As described, 1n the case of a monochromatic
signal, gradation level will be maintained as a high value
since there 1s no influence of the negative compensation value
of the white component.

Similarly, 1n the case of compensating a mixed color signal
(a signal between an achromatic color and a monochromatic
color) of a pixel 1n the landscape 1image and including the
RGB components expressed as (1, g, b)=(192/253, 160/235,
128/255), the calculation 1s performed as 1n the case above,
and the result comes out as (r', g', b')y=(202/255, 159/235,
120/253). As can be seen 1n this example, a mixed color 1s
under influence of both the negative compensation value of
the white component and the positive compensation value of
the primary color component and the complementary color
component. The level of influence depends on the values of
rgb of the mput signal.

The color compensation 1s carried out by lowering the
gradation level 1n a domain close to achromatic color, and by
increasing the gradation level in a domain close to monochro-
matic color. This series of calculations are performed with
respect to the all pixels of the mput image, and the signal
R'G'B'as the calculation result 1s displayed on the display
panel 102.

FIG. 9 1s a schematic cross-sectional view of a HSL color
model, showing a process of a change 1n gradation level of the
R component and the C component when the saturation 1s
enhanced by the foregoing calculations. It can be seen 1n FIG.
9 that the distribution of gradation level through the saturation
enhancing process forms a V-shape (901 in FI1G. 9), extending
from the white component to reach the vertexes of the R and
C components. This distribution form results from subtrac-
tion of the white component from the coellicient Iw (x) above
by a function returning a negative value. In this manner, by
reducing the white component after the color compensation,
the enhancement of saturation becomes stronger for mono-
chromatic colors compared with mixed colors.

Third Embodiment

The following will explain still another embodiment of the
present invention with reference to FIGS. 17 and 18. In com-
parison with the first and second embodiments, the color
conversion operation circuit 101 of the present embodiment
carries out different operation in which the calculation 1s
carried out by taking the minimum luminance and the maxi-
mum luminance into account. Otherwise, the display device
according to the present embodiment has the same structure
as that of the color display device 100 of the first embodiment,
and therefore, materials having the equivalent functions as
those shown 1n the drawings pertaining to the first embodi-
ment above will be given the same reference symbols, and
explanation thereof will be omitted here for ease of explana-
tion.

As a feature of the present embodiment, the coellicients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and
Kcb (weighting functions) are decided based on one of the R,
G and B component having the maximum luminance and the
one of them having the minimum luminance. The following
explains a theory of this manner for setting the weighting
functions based on the R, G or B component having the
maximum luminance or the minimum luminance with an
example 1 which an mput image signal belongs to the

domain [1] (r=g=b).
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As shown 1n FIG. 17(a), when the value of b as the mini-
mum luminance 1s 0, the value of b should not be enhanced
since a monochromatic color already has the strongest satu-
ration and therefore requires no more enhancement. Further,
as shown in FIG. 17(b), when the value of r comes closer to
255/255 gradation, addition of ro or yo to the mputted r
component will resultin a value (output image signal r') larger

than 2355/235 gradation, thus degradation the gradation
expression since by causing color saturation.

In view of this problem, the weighting functions are
decided based on the R, G or B component having the mini-
mum luminance (b) or the maximum luminance (r). Accord-
ingly, the weighting function 1s reduced when the value of r

comes closer to 255/255 gradation and when the value of r
comes closer to 0.

As a specific example, the coelficients Krg, Krb, Kbr, Kbg,
Kegb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb for obtaining
the compensation values ro, go, bo, yo, mo and co, as in the
step S204 of the first embodiment, are calculated according to
the following Expressions,

Krg=Crfrg(r,0),Krb=Crfrb(r,g)

Kgr=Cg-fgr(g b),Kgb=Cg-fgb(g,7)

Kbr=Cb-fbr(b,2),Kbg=Cb-fbg(b,r)

Kyg=Cyfyg(r,b),Kmb=Cm finb(r.g)
Kmr=Cm-fm r(b,g),Kcg=Cc-fcg(b,r)

Keb=Cc fcb(g,r),Kyvr=Cyv-fvr(g,b)

where, Cr, Cb, Cg, Cy, Cm and Cc are constants, irg, irb,
tor, 1gb, tbr, tbg, tyg, tmb, tmr, fcg, Icb, fyr are functions
which respectively change depending on the values of r, g and
b 1n the corresponding bracket, and r, g and b are obtained by
dividing the original gradation levels of the R, G and B
components of the input 1mage signal by the maximum gra-
dation value N-1.

The coellicients may also be expressed as:

Krg=Crfa r(r)fag(h),Krb=Crfur(r)fab(g)
Kgr=Cgfag(g)far(b),Kgb=Cg fag(g) fab(r)
Kbr=Cb-fab(b)-far(g),Kbg=Ch-fub(b) -fag(r)
Kyg=Cyfa r(r).fab(b) Kmb=Cmfar(r) -fag(g)
Kmr=Cm-fab(b)-fag(g),Kcg=Cc-fab(b)-far(r)

Kcb=Cc:fag(g) far(r),Kyr=Cy fag(g)fab(b)

where, Cr, Cb, Cg, Cy, Cm and Cc are constants, irg, irb,
tor, 1gb, tbr, tbg, fyg, fmb, tmr, fcg, Icb, fyr are functions
which respectively change depending on the values of R, G
and B 1n the corresponding bracket, and r, g and b are vari-
ables obtained by dividing original gradation levels of the
RGB components of the mnput color image signal by a maxi-
mum gradation value N-1.

By thus setting the coellicients, the weighting functions are
decided based on one of the R, G and B component having the
maximum luminance and the one of them having the mini-
mum luminance.

For example, 1n the case of an input signal belonging to the
domain [1], the color 1s compensated by using the coeificients
Krg and Kyg. As can be seen 1n the Expressions above, the
weighting functions Krg and Kyg are both decided based on
the r component having the maximum luminance and the b
component having the minimum luminance in the domain
[1]. On this account, the weighting function 1s reduced when
the value of the color component having the maximum lumi-

10

15

20

25

30

35

40

45

50

55

60

65

20

nance comes closer to the maximum gradation value, and
when the value of the color component having the minimum
luminance comes closer to 0.

This method prevents defect of color saturation 1n the case
where an output color 1mage signal has a greater gradation
level than the maximum gradation value, and also prevents
enhancement of saturation when the mput signal 15 a mono-
chromatic color, thus outputting (displaying) a color image
with appropnate gradation.

Further, it 1s preferable that the functions far, fab and fag
are continuous functions which return O when the values of r,
g and b are 0 or 1 (under (O=r, g, b=1). In this case, the
welghting function becomes 0 when the value of the maxi-
mum luminance comes closer to the maximum gradation
value, and when the value of the minimum luminance comes
closer to 0. Accordingly, it 1s possible to more securely pre-
vent the defect of color saturation, and also more securely
prevent enhancement of saturation when the input signal 1s a
monochromatic color, thus securely outputting (displaying) a
color image with approprnate gradation.

As a specific example, the functions may be expressed as
follows:

Krg = Cr- ar - ab,
Kgr=Cg- ag - ab,
Kbr=Cb- ab - ag,
Kyg =Cy - ar - ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

Kib =Cr-ar-ag
Kgb=Cg-ag- ar
Kbg=Cb - ab - ar
Kmb=Cm - ar- ag
Kcg=Cc-ab - ar
Kyr=Cy-ag-ab

ar = f, x 1* (0 = r <Mr)
ar=1, x (1 —1)* Mr=r=1)
ag=gox g° (0 = g<Mg)
ag=g;x (1-g)f Mg=g=1)
ab = hy x b* (0 = b < Mb)
ab=h, x (1 - b)* (Mb = b = 1)

where, Cr, Ch, Cg, Cy, Cm and Cc are constants, and r, g
and b are obtained by dividing the original gradation levels of
the R, G and B components of the input image signal by the
maximum gradation value N-1.

Further, the foregoing ar, ag and ab may be variables
expressed as:

ar=f, x (0 = r < Mr)
ar=1, x (1 - 1) (Mr=r=1)
ag=gox g" (0 = g<Mg)
ag=g; x (1-g” Mg =g=1)
ab = h, x b* (0 = b <Mb)
ab=h, x (1 -b)* (Mb = b = 1)

where, 1,,1,, 2., 2,,h,, h;, Mr, Mg, Mb, and k are constants,
and r, g and b are obtained by dividing the original gradation
levels of the R, G and B components of the input image signal
by the maximum gradation value N-1.

More specifically, the foregoing ar, ag and ob may be
functions expressed as:

ar=2xr (0 = r<0.5) (21)
ar=2x (1 -1 (05 =r=1) (22)
ag=2xg (0 = g<0.5) (23)
ag=2x(1l-g) (05 =g=1) (24)
ab=2xb (0 = b<0.5) (25)
ab=2x(1l-Db) (05=b=1) (26)

where r, g and b are obtained by dividing the original
gradation levels of the R, G and B components of the mput
image signal by the maximum gradation value N-1.
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Further, the coefficients Krg, Krb, Kbr, Kbg, Kgb, Kgr,
Kyg, Kyr, Kmb, Kmr, Kcg and Kcb may be variables

expressed as follows:

Krg=Crfmax(r)fmin(b),Krb=Crfmax(r) fmin(g)

Kgr=Cg:fmax(g)fmin(b) Kgb=Cg fmax(g)fmin(r)

Kbr=Cb-fmax(b)fmin(g) Kbg=Cbh-fmax(b)fmin(r)

Kyg=Cyfmax(r) fmin(b) Kmb=Cm-fmax(r)fmin(g)

Kmr=Cm-fmax(b)-fmin(g) Kcg=Cecfmax(b)-fmin(r)

Keb=Cce-fmax(g)-fmin(r) Kyr=Cyv-fmax(g) fmin(b)

where, Cr, Ch, Cg, Cy, Cm and Cc are constants, imax and
fmin are functions which respectively change depending on
the values of' r, g and b 1n the corresponding bracket, andr, g
and b are obtained by dividing the original gradation levels of
the R, G and B components of the input image signal by the
maximum gradation value N-1.

These weighting functions are decided based on one of the
R, G and B component having the maximum luminance and
the one of them having the minimum luminance. On this
account, as described above, 1t 1s possible to prevent the
defect of color saturation 1n the case where an output color
image signal has a greater gradation level than the maximum
gradation value, and also to prevent enhancement of satura-
tion when the mput signal 1s a monochromatic color, thus
outputting (displaying) a color image with appropriate gra-
dation.

Further, 1t 1s preferable that the function fmax 1s a continu-
ous function which gives O when the values of r, g and b are O
or 1 (under (O=r, g, b=1) and that the function fmin 1s a
continuous function which gives O when the values ofr, gand
b are 0. In this case, the weighting function becomes O when
the value of the maximum luminance comes closer to the
maximum gradation value, and when the value of the mini-
mum luminance comes closer to 0. Accordingly, it 1s possible
to more securely prevent the defect of color saturation, and
also more securely prevent enhancement of saturation when
the 1input signal 1s a monochromatic color, thus securely out-
putting (displaying) a color image with appropriate grada-
tion.

As a specific example, the functions may be expressed as
follows:

Krg =Cr- Sr- Th,
Kgr=Cg - Sg- Th,
Kbr=Cb - Sb-Tg,
Kyg =Cy - Sr-Tb,
Kmr=Cm - Sb-Tg,
Kcb =Cc - Sg - T,

Kib=Cr-Sr-Tg
Kgh=Cg-Sg-Tr
Kbg=Cb - Sb-Tr
Kmb=Cm- Sr-Tg
Kcg=Cc-Sb-Tr
Kyr=Cy-Sg-Tb

Tr=1*
Sr=(1-1)*
Tg=g"
Sg=(1-gk
Tb =b*
Sb=(1-b)*

where, Cr, Cb, Cg, Cy, Cm and Cc are constants, and r, g
and b are obtained by dividing original gradation levels of the
RGB components of the mnput color image signal by a maxi-
mum gradation value N-1.

Further, the coelficient k 1s preferably set as 1, since the
process for calculating the weighting functions can be sim-
plified on condition where k=1, thus simplifying internal
operation of the color conversion operation circuit 101.
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The following explains with reference to a HSL color
model the color compensation effect using weighting func-
tions decided 1n the foregoing manner according to the maxi-
mum luminance and the maximum gradation value.

As shown in FIG. 18, through the foregoing saturation
enhancement operation using weighting functions, 1t can be
seen that the neutral color surrounded by the domain 1801 1s
moved toward greater luminance and a more intense satura-
tion. Along this line, it 1s understood that the use of the
foregoing weighting function increases luminance and satu-
ration. Meanwhile, it also can be seen that the monochromatic
colors and the achromatic colors, which are expressed as the
domain 1802, show no changes 1n luminance through the
foregoing saturation enhancement operation.

Fourth Embodiment

The following will explain yet another embodiment of the
present invention with reference to FIGS. 19 and 20. In com-
parison with the described embodiments above, 1n the present
embodiment, the color conversion operation circuit 101 car-
ries out efficient color compensation operation by reducing
the minimum value of RGB. Otherwise, the display device
according to the present embodiment has the same structure
as that of the color display device 100 of the foregoing
embodiments, and therefore, materials having the equivalent
functions as those shown in the drawings pertaining to the
first embodiment above will be given the same reference
symbols, and explanation thereof will be omitted here.

As mentioned above, the saturation 1s defined as the dif-
ference between the maximum value and the minimum value
of the respective gradation levels for expressing R, G and B.
Thus, saturation can be enhanced by either increasing the
maximum value or by reducing the minimum value in the
respective gradation levels of R, G and B.

In the described embodiments above, the saturation is
enhanced by increasing the maximum value. For example,
when an 1mage signal belonging to the domain [1] (expressed
asr=g=b)1s inputted, saturation 1s enhanced by adding value
ro to the mput gradation level r, as shown 1n FIG. 19.

On the other hand, in the present embodiment, the satura-
tion enhancement 1s efliciently carried out by increasing the
maximum value and reducing the mimimum value, 1.¢., by
increasing the difference of the maximum value and the mini-
mum value.

More specifically, as shown in FIG. 20, when an image
signal belonging to the domain [1] (expressed as r=g=b) 1s
inputted, the value of b component 1s reduced. Further, when
an 1mage signal belonging to the domain [2] (expressed as
r=b=g) 1s iputted, the value of g component 1s reduced. As
a result, saturation of R color can be effectively enhanced.

The following concretely explains saturation enhancement
operation of the present embodiment. In the first embodiment
above, the gradation levels r', g', b'after color conversion are
calculated according to the following expressions (7) through

(9).

(7)

r'=r+ro+vo+mo

(8)

g=g+go+vo+co

b'=b+bo+mo+co

9)

where r, g and b express gradation levels of R, G and B
components of the mput color signals, respectively.
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Further, the following relations are also found.
In the case of the domain [1] expressed as r=g=b:

40, :Krg(r—g)N d

vo=Kyg(g-b)"”

go=bo=mo=co=0
In the case of the domain [2] expressed as r=b>g:

ro=Krb(r—b)y""
mo=Kmb(b-g)"™

go=bo=yo=co=0
In the case of the domain [3] expressed as b>r=g:

bo=Kbr(b—rY"*
mo=Kmr(r-g)™™

ro=go=yo=co=0
In the case of the domain [4] expressed as b>g>r:

bo=Kbg(b-g)"®
co=Kcg(g-r)"°

ro=go=yo=mo==0
In the case of the domain [5] expressed as g=b>r:

go=Kgb(g-b)"®
co=Kch(b-r)"¢

ro=bo=yo=mo=0
In the case of the domain [6] expressed as g=r>b:
go=Kgr(g-r)"*

yo=Kyr(r-bY"

ro=bo=mo=co=0

The foregoing expressions (7) through (9) may also be

expressed as follows by using square matrix A, of 3x6.

g0
bo

Vo

mao

+A36

o
[
S

\ €O

In the case of the domain [1] expressed as r=g=b

40 ZKrg(r—g)N "

vo=Kyg(g-b)"”

go=bo=mo=co=0

In the case of the domain [2] expressed as [2]r=b=g

ro=Krb(r-by™"
mo=Kmb(b-g)™"™

go=bo=yo=co=0
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In the case of the domain [3] expressed as b>r=g

bo=Kbr(b-r)"*
mo=Kmr(r—gy"™

ro=go=yo=co=0

In the case of the domain [4] expressed as b>g>r

bo=Kbg(b-g)"*
co=Kcg(g—rY"*

ro=go=yo=mo==0

In the case of the domain [5] expressed as g=b>r

go=Kgb(g-b)"*
co=Kcb(b-ry'¢

ro=bo=yo=mo=0

In the case of the domain [6] expressed as g=r>b

go=Kgr(g-r)"*
yo=Kyr(r—b)Y">

ro=bo=mo=co=0

In the present embodiment, when A, 4 1s expressed as 1ol-

lows,

1t 1s required to satisty:

(all al2 al3 ald ald al6)
Az =| a2l a22 a23 a24 a5 al6
a3l a32 a33 a34 a3d a36

all=al22=a33=ald=a2d=ald>=a3d>=alb=a36=1,
and also, a21.,a31,al2,a32,al3,a23,a34,a25,al6 should be

set as O or a negative value.

With this arrangement, r', g' and b' may be expressed as:

r'=r+ro+al2-go+al3-bo+vo+al S-mo+alb-co Formula (20)
g'=g+all -ro+go+al3-bo+ald-vo+mo+alb-co Formula (21)
b'=b+a3l-ro+al32-go+bo+aldd-vo+als-mo+co Formula (22),

and further, since go=bo=mo=co=0 1s satisfied under
r>g>b, the followings are found.

r'=r+ro+vo

g=g+all-ro+ald-vo

b'=b+a3l-ro+al34d-vo.

Further, by setting a31 to be not more than 0, the B signal
1s reduced, and the R signal 1s enhanced. Further, in the case
where r>b>g, a21 1s setto be not more than 0, and the G signal

1s reduced and the R signal is

enhanced. In this manner,

saturation of the R signal 1s more efficiently enhanced.

Similarly, by setting al2 and

a32 to be not more than 0,

saturation of the G signal 1s e:

ficiently enhanced, and by

setting al3 and a23 to be not more than 0, saturation of the B

signal 1s efficiently enhanced.
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Further, A, satisfies:
and, further preferably satisfies:

all=a’l2=a33=al4=a24=al5=a35=a26=a36=1,
all+all+a31=0,
al2+a22+a32=0,

al3+a23+al33=0,
ald+a24+a34-=0,
ald+a25+a35=0, and

alb6+a26+a36=0

With these conditions, it 1s possible to equalize the gross
input luminance (r+g+b) and the gross output luminance (r'+
g'+b'). Therefore, saturation may be enhanced without a great

change of average luminance of the input color signal.
Further, A, satisfies:

al?2 al3 ald ald al6)
al?2 aZ23 a2d ald alb
a3?2 a33 a3d a3d a36 )

(all
a2l

. a3l

and, further preferably satisfies:

all=a22=a33=ald=a2d=aql5=a35=a2b6=a36=1,
a2l=a3l=al2=a32=al3=a23=-0.5, and

al3d=a25=qlb ==2.

With these conditions, it 1s possible to evenly carry out
addition/subtraction for each of the RGB signals. Therefore,
saturation may be enhanced without changing hues.

Fitth Embodiment

The following will explain still another embodiment of the
present invention with reference to FIGS. 21 and 22. In com-
parison with the described embodiments above, 1n the present
embodiment, the color conversion operation circuit 101 com-
pensates the rgb values of an mput 1mage signal to a lumi-
nance value ofthe panel, before calculating the compensation
values ro, go and bo. Otherwise, the display device according
to the present embodiment has the same structure as that of
the color display device 100 of the first embodiment, and
therefore, materials having the equivalent functions as those
shown in the drawings pertaiming to the first embodiment
above will be given the same reference symbols, and expla-
nation thereof will be omitted here.

Though the mputted values of r, g and b denote gradation
number of an 1mage signal, it does not necessarily coincide
with the actual luminance value of the display device. For
example, 1 a general display device, the luminance of the
display device corresponds to the value obtained by raising
the respective values ol r, g and b to 2.2th power, as shown in
FIG. 21. When the difference among the r, g and b are calcu-
lated before being compensated to the luminance value, the
calculated difference for a low luminance domain will be a
larger value than the actual difference, as shown 1n FIG. 21 1n
which the value of the difference a 1s larger than the value of
the difference 2.

Consequently, with the increase of the calculated results of
ro, go and bo, the enhancement of saturation becomes exceed-
ingly high, thus giving too much color to a dark display.
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In view of this problem, 1n the present embodiment, the
inputted rgb values are first compensated to the luminance
value of the display device, before calculating the difference
thereof.

More specifically, the input color image signal 1s modified
to an output color image signal having the R, G and B grada-
tion levels with the values of r', g' and b', according to the
following formula.

([ FO )
go
bo
VO

mo

+A36

oQ
Il
s

\ €O

where r, g and b express gradation levels of R, G and B
components of the mputted color image signal, and A,
expresses square matrix of 3x6. Also, the compensation val-
ues are calculated for each domain as follows.

For the domain [1] expressed as (r=g=b):

ro=Krg(fzr(r)~f2g(g)y""

yo=Kyg(fzg(g)-fzb(b))™

go=bo=mo=co=0
For the domain [2] expressed as (r>b>g):
ro=Krb(fzr(r)-fzb(b)Y""

mo=Kmb(fzb(b)-fzg(g)™™

go=bo=yo=co=0
For the domain [3] expressed as (b>r>g):
bo=Kbr(fzh(b)—fzr(r))¥?

mo=Km(fzr(r)~feg(g)™"

ro=go=yo=co=0
For the domain [4] expressed as (b>g>r1):

bo=Kbg(fzb(b)-fzg(g))"™"
co=Kcg(fzg(g)~fzr(r))"
ro=go=yo=mo==0

For the domain [5] expressed as (g>b>r1):
go=Kgb(fzg(g)~/zb(b))"*

co=Keb(fzb(b)—fzr(r))V

ro=bo=yo=mo=0
For the domain| 6] expressed as (g>r=b):

go=Kgr(fzg(g)—fzr(r))"®
vo=Ky r(fz ¥(r)—fzb(b))™

ro=bo=mo=co=0.

Here, Krg, Krb, Kbr, Kbg, Kgh, Kgr, Kyg, Kyr, Kmb, Kmr
and Kcg are variables which respectively change depending
on the values of r, g and b; Nr, Ng, Nb, Ny, Nm and Nc are
constants not less than O; and 1zr, {zg and 1zb are functions
which change depending on the values of r, g and b 1n the
corresponding bracket.
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In this manner, the compensation values ro, go, . . . may be
calculated after modifying the mputted rgb values by using
the functions 1zr, 1zg and 1zb. On this account, the compen-
sation values can be prevented from exceedingly increasing.
With this structure, it 1s possible to prevent giving too much
color to a dark display as a result of exceeding enhancement
of saturation.

Further, the luminance value 1s preferably compensated
individually to each of r, g and b. When the transmittance 1s
changed in a liquid crystal panel, there causes wavelength
dispersion, which brings about a change 1n white balance.
Accordingly, the luminance coordinate of white shows such
tendency as the solid line of FIG. 22 with respect to changes
in transmittance. Note that, 1n FIG. 22, the vertical axis and
the horizontal axis express chromaticity coordinates, show-
ing a line connecting a plurality of plots during a change 1n
transmittance from 10% to 100%. It can be seen 1n FIG. 22
that the chromaticity increases toward upper right of the fig-
ure as the transmittance increases. In other words, as the
luminance rises, white becomes more yellowish.

This indicates that the gradation luminance characteristic
1s different 1n each of RGB. That 1s, 1t 1s preferable that the
function for converting the gradation value to the luminance
value 1s 1ndividually determined for each of RGB. Accord-
ingly, in the present embodiment, 1t 1s preferable that the
functions 1zr, 1zg and 1zb have a function of changing unified
input values to varied output values. Further, izr, 1zg and 1zb
may also be set as follows.

fer=r>

frg=g'*

ﬁb:blz

Since a general display panel compensates the gradation
levels of R, G and B to luminance values by raising the
respective values to 2.2th power, the manner above allows
enhancement of saturation in more suitable manner for a
general display device.

Further, 1zr, 1zg and 1zb may also be set as follows.

fer=r7,

28=¢",

£rb=b>

With this method, the saturation can be appropriately
enhanced with simple operation by raising the gradation lev-
els of R, G and B to the second power.

Sixth Embodiment

The following will explain still another embodiment of the
present invention with reference to FIGS. 10 and 11. In com-
parison with the first and second embodiments, the display
device of the present embodiment further includes an average
luminance and peak luminance detecting device 108. Other-
wise, the display device according to the present embodiment
has a similar structure to that above, and therefore, explana-
tion of equivalent function will be omitted here. The average
luminance and peak luminance detecting device 108 calcu-
lates the average value and the maximum value of gradation
values r, g and b of the R, G and B components, and then
outputs the average luminance and the peak luminance to the
color conversion operation circuit 101.

Appearance of color images displayed in a liquid crystal
display device often relies on the luminance of white rather
than the saturation. A typical example of this case 1s a black
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background with white texts. In such a display, increasing
relative saturation of a monochromatic color by decreasing,
the luminance of white results 1n darkening the white texts,
thus deteriorating the entire image.

This problem may be solved by setting the function tw (X)
as a continuous function which gives a positive value at a high
luminance, and gives a negative value at a low luminance. In
this manner, the high luminance of the white can be kept
while enhancing relative saturation of monochromatic color
with respect to mixed colors having at or less than the middle
luminance.

FIG. 11 shows a process of a change 1n gradation 1n this
case. As shown 1n FIG. 11, the domain 1101 expressing an
achromatic color with a high luminance, such as white texts,
keeps the luminance, whereas the luminance in the domain
1102 expressing an achromatic color in the vicinity of neutral
color 1s reduced. Therefore, saturation of monochromatic
colors can be relatively enhanced. On this account, 1t 1s pos-
sible to display white texts upon TV programs or a white plate
with colorful food, thus improving impression of the entire
image.

Further, a superior effect can be obtained by using a func-
tion fw (X) which changes depending on the average lumi-
nance or the peak luminance of the entire 1mage. More spe-
cifically, by identilying image information of a black
background with white texts etc. among the information of
the average luminance or the peak luminance of the entire
image, and selecting an optimal fw (X), 1t becomes possible to
clfectively enhance saturation of a monochromatic color
while maintaining the high luminance of white.

Seventh Embodiment

Incidentally, 1n recent years, there has been a new display
device provided with a wide color reproduction range as a
fundamental function, along with improvement of backlight

system or more appropriate designing value for a color filter.
A LCD (Liquid Crystal Display) device including a LED
(Light Emitting Diode) backlight 1s one example of such a
display device. This display device 1s capable of displaying a
color image with a wider color range than the color range of
the imput color image signal, thus displaying the input color
image signal with a superior brightness.

However, when the mput color image signal 1s displayed
with a superior brightness, the tlesh color etc. becomes deeper
in display than the original color, and therefore the entire
display becomes unnatural. In view of this problem, this type
of display device needs reduction 1n saturation of the flesh
color etc. In this view, it should be noted that Document 1
above only describes a method of enhancing saturation, and
there 1s no disclosure of methods for decreasing saturation of
the entire 1mage or methods for decreasing saturation of spe-
cific colors such as the flesh color which becomes deeper 1n
display due to a wider color reproduction range.

One possible strategy to solve this problem 1s setting the
foregoing coetlicients Cr, Cg, Cb, Cy, Cm and Cc as negative
values. Though this arrangement surely decreases saturation
of the entire display, there 1s a difficulty for decreasing only a
specific color (for example only the flesh color), since the
method decreases saturation of the whole 1mage, and there-
fore, a decrease of saturation of the flesh color means a
decrease of saturation of monochromatic colors such asred or
yellow.

To overcome this defect, the present embodiment converts
an 1input color image signal into an output color 1image signal
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in which the RGB components respectively have gradation
levels of ', g' and b', which are given by the following expres-
S101S:

r'=r+ro+vo+mo
g=g+go+vo+co

b'=b+bo+mo+co

where r, g and b respectively express gradation levels of
RGB components of the inputted color image signal; and,
In the case [1] where r=g=b:

ro=Krg fnr(r-g}

yo=Kyg:fny(g-b)

g0=bo=mo=co=0
In the case [2] where r>b>g:

ro=Krb-fur(r-b)
mo=Kmb-fum(b-g)

go=bo=yo=co=0
In the case [3] where b>r=g:

bo=Kbrfnb(b-r)
mo=Kmr-fum(r-g)

ro=go=yo=co=0
In the case [4] where b>g>r:

bo=Kbg-firb(h-g)
co=Keg-fiuc(g—r)
ro=go=yo=mo=0

In the case [5] where g=b>r:
go=Kgb.fng(g-b)

co=Kcb-fnc(b-r)

ro=bo=yo=mo=0
In the case [6] where g>r=b:

go=Kgrfng(g-r)
yo=Kyr-fuy(r-b)

ro=bo=mo=co=0

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are variables which change depending on values
of r, g and b; and tnr(DX), Ing(DX), finb(DX), tny(DX),
mm(DX) and inc(DX) are functions which respectively
change depending on calculation result DX (0=DX=1) of
corresponding brackets.

Further, it 1s preferable that the functions fng(DX), inb
(DX), Inm(DX) and inc(DX) are set as follows.

fng(DX)=DX"¢

fub(DX)=DX"*
fum(DX)=DX""

fue(DX)=DXN¢

With this arrangement, it 1s possible to adjust the respective
saturations ol green, blue, magenta and cyan, as with
Example 1.
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Further, it 1s preferable that the tunctions inr(DX), ing
(DX), Inb(DX), tny(DX), Inm(DX) and inc(DX) return O
when DX=0, and return a negative value at least once 1n a
range ol 0<DX=1. Namely, the functions Inr(DX), Ing(DX),
inb(DX), Iny(DX), Inm(DX) and fnc(DX) return a negative
value at least at a predetermined value in a range of 0<DX=1.
Ideally, it 1s preferable that the functions fnr and Iny return a
negative value when DX=0.235. Reasons for this arrangement
will be explained later.

Further, 1t 1s preferable that the functions inr(DX) and
iny(DX) are expressed as:

fur(DX)=DX*-Pr-DX,

Jiy(DX)=DX*~Py-DX,

where Pr and Py are constants greater than 0. In this man-
ner, the functions Inr(DX) and iny(DX) may be written in a
simpler form which allows easy implementation with hard-
ware.

The following will more specifically explain color com-
pensation operation of the present embodiment. In compari-
son with the first embodiment, the color conversion operation
circuit 101 carries out different operation 1n figuring out the
compensation values ro, go, bo, mo and co. Otherwise, this
embodiment has a similar structure to the first embodiment,
and therefore explanations of materials having the equivalent
functions will be omitted here for ease of explanation.

FIG. 24 shows an operation flow of the color conversion
operation circuit 101. When a color image signal of RGB 1s
inputted (S2401) as shown 1n the figure, the color conversion
operation circuit 101 determines the level relationship
between the gradation levels r, g and b of the respective color
signals 1n the mput color image signal (S2402).

More specifically, the color conversion operation circuit
101 determines whether the mput signal belongs to which of
the six patterns: [1]r=g=b, [2Jr=b=g, [3]b>r=g, [4]b>g>T,
[5]g=b>r and [6]g>r=Db of the relationship of gradation val-
uesr, g and b.

Next, based on the domains detected 1n Step S2402, com-
pensation values ro, go, bo, yo, mo and co are calculated by
the color conversion operation circuit 101 so as to carry out
color compensation of the respective color components: R, G,
B, Y, M and C (52403). The compensation values of the
respective domains [1] through [6] are calculated according
to the following Expressions.

In the case [1] where r=g=b:

ro=Krg:fnr(r-g)
yo=Kyg:fny(g-b)

go=bo=mo=co=0

In the case [2] where r=b>g:

ro=Krb-fur(r-b)
mo=Kmb-fum(b-g)

go=bo=yo=co=0

In the case [3] where b>r>g:

bo=Kbrfnb(b—r)
mo=Kmrfnm(r—g)

ro=go=yo=co=0
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In the case [4] where b>g>r:

bo=Kbg-mb(b-g)
co=Kcg-fnc(g-r)

ro=go=yo=mo=0
In the case [5] where g=b>r:

go=Kgb fng(g-b)
co=Kcbh-fuc(b-r)

ro=bo=yo=mo=0
In the case [6] where g>r>b:

go=Kgrng(g—r)
yo=Kyrfny(r-b)

ro=bo=mo=co=0

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are constants or variables; and inr(DX), Ing
(DX), Inb(DX), Iny(DX), Inm(DX) and inc(DX) are func-
tions which respectively change depending on calculation
result DX of corresponding brackets. Here, Krg, Krb, Kbr,
Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb are the
same as those used in the first, second and third embodiments.

Further, the following functions are used as the functions
ng(DX), Inb(DX), inm(DX) and inc(DX).

Jng(DX)=DX"#
fub(DX)=DX™?
fum(DX)=DX¥™

fue(DX)=DXN¢

However, 1t should be noted that these functions are the same
as those for finding ro, go, bo, yo, mo and co used 1n the first
embodiment unless they are expressed 1n a different way. For
example, 1n the present embodiment, the compensation value
g0 for the domain [6] 1s given by: go=Kgr-ing(g-r).

Here, a relation of go=Kgr-(g-r)Ng i1s found since
ng(DX)=DXNg. This function is the same as that for finding
the compensation value go used i1n the first embodiment.
Further, by setting Ng, Nb, Nm and Nc¢ to be not more than 1,
it 1s possible to increase the compensation value go etc.,
which 1s added to the original gradations for color compen-
sation, thus appropnately enhancing saturation 1n the vicinity
ol achromatic colors.

Further, Inr(DX) and Iny(DX) are functions which return O
when DX=0, and return a negative value at least once 1n a
range of 0<DX<1. Namely, 1t 1s preferable that inr(DX) and
tny(DX) are set as shown 1n FIG. 25, in which the saturation
from O to the vicinity of the center of flesh color domain 1s
constantly being a negative value and keeps decreasing, and
the saturation from the vicinity of the center of flesh color
domain to 1 1s constantly being a negative value and keeps
increasing. Further, Inr(DX) and Iny(DX) are preferably set
around 0 when the saturation comes to the vicinity of mono-
chromatic color. With the use of such functions, it 1s possible
to reduce saturation of the flesh color while maintaining satu-
ration of monochromatic red and yellow as much as possible.

Generally, a lookup table 1s used 1n hardware to deal with
such functions. However, lookup tables 1s not preferable for 1t
requires a large amount of calculation. Then, the following
functions are used to carry out enhancement of saturation by
a simpler calculation.
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F1(DX)=DX2-Pr-DX

Frv(DX)=DX2-Py-DX

where Pr and Py are constants greater than 0.

The values of Pr and Py may be set 1n two ways as follows.

[1]0<Pr, Py<1

[2]Pr, Py=1

Degree of enhancement of saturation depends on whether
the Pr and Py are set according to [1] or [2]. This theory 1s
explained below with reference to F1G. 26. As shown 1n FIG.
26, when adopting [ 1]=0<Pr, Py<1, Inr and iny become nega-
tive values 1n the flesh color domain, and saturation of the
flesh color decreases. In this case, saturation in the vicinity of
monochromatic colors increases.

On the other hand, when adopting [2]=Pr, Py>1, inr and iny
are constantly being negative values 1n a saturation range o1 0
to 1, and saturations of both the flesh color and monochro-
matic colors decrease.

Though this example focuses on the flesh color, the same
operation may be performed for the other colors. Namely,
saturation of a specific color among G, B, M and C may be
reduced by using functions Ing(DX), tnb(DX), tnm(DX),
inc(DX) which return O where DX=0, and return a negative
value at a desired domain.

Further, adoption of the following tunctions enables rela-
tively easy calculation.

frg(DX)=DX-Pg-DX
f1b(DX)=DX-Pb-DX
frm(DX)=DX-Pm-DX

fre(DXy=DX-Pc-DX

where Pg, Pb, Pm and Pc are constants greater than 1.

Eighth Embodiment

The following will explain yet another embodiment of the
present invention with reference to FIG. 12. In comparison
with the sixth embodiment, the display device of the present
embodiment further includes a color conversion adjusting
device 109 and an outside light detecting device 110. Other-
wise, the display device according to the present embodiment
has a similar structure to that above, and therefore, explana-
tion of equivalent function will be omitted here. The average
luminance and peak luminance detecting device 108 calcu-
lates the average value and the maximum value of gradation
values r, g and b of the R, G and B components, and then
outputs the average luminance and the peak luminance to the
color conversion operation circuit 101.

Appearance of color images displayed 1n a liquid crystal
display device greatly relies on environmental factors (bright-
ness or color). Ambient brightness and ambient color change
whether the display 1s carried out 1n a room with a florescent
light or under the sun. For example, under bluish environment
by a florescent light, human’s eyes become acclimated to the
blue color, and therefore they are insensible to blue colors.
Also, under very blight environment with sunlight, human’s
eyes become acclimated to the brightness, and therefore they
are msensible to low luminance 1mages etc.

In this view, 1n the present embodiment, such ambient
brightness and colors when viewing displayed images are
detected by the outside light detecting device 109, realized by
such as a sensor, so as to dynamically control parameters of
the calculation formulas of the first through seventh embodi-
ments according to the detection result. Further, this dynamic
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control of parameters of the calculation formulas of the first
through seventh embodiments may also be performed accord-
ing to all of: the result of outside light detection, the average
luminance, and result of peak luminance detection. Further,
with this structure in which the dynamic control of param-
cters of the calculation formulas of the first through seventh
embodiments 1s performed according to such factors as the
outside light detected by the outside light detecting device
109, the average luminance, or the peak luminance detected
by the outside light detecting device 109, the color conversion
adjusting device 108 may be omutted.

The following will more specifically describe the case
using the outside light detecting device of the present embodi-
ment with reference to FI1G. 23. FIG. 23 shows minute struc-
ture of the color conversion circuit 101 1n which the outside
light detecting device 209 1s added. In order to carry out the
operation explained in the fifth embodiment, a gradation
luminance characteristic converting device 201 converts the
rgb values of the input 1image signal into a value equal to the
luminance of the display device. More specifically, the gra-
dation luminance characteristic converting device 201 uses
the functions izr. fzg and 1zb of the fifth embodiment to
converts the rgb values of the input image signal to be equal to
the luminance value of the display device. However, the color
display device of the present embodiment may omit the gra-
dation luminance characteristic converting means 201.

To carry out the operation described in the first embodi-
ment, hue judging device 202 detects gradation levelsr, g and
b of an 1nput color 1mage signal, and determines whether the
input color image signal belongs to which of six domains [1]
through [6].

To carry out the operation described 1n the first, second and
fifth embodiments, hue data extracting device 203 extracts the
difference among the respective luminance values, which are
respectively converted from the gradation levels of r, g and b
of the input 1image signal according to the corresponding one
of the domains [1] through [6] determined by the hue judging
device 202. When the hue judging device 202 1s omitted, the
hue data extracting device 203 extracts the difference among,
the original rgb values of the input 1mage signal.

A nonlinear processing device 204 raises the difference,
having been extracted by the hue data extracting device 203,
to the power of the coellicients Nr, Ng, Ny, Nm or Nc.

To carry out the operation described 1n the first, second and
third embodiments, a weighting coellicient generating means
205 generates the weighting functions Krg, Krb, Kbr, Kbg,
Kgb, Ker, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb according to
the corresponding hue domain determined by the hue judging,
device 202.

To carry out the operation described in the first or the third
embodiment, a coefficient multiplying device 206 carries out
calculation to obtain the compensation values ro, go, bo, yo,
mo and co by using the weighting functions generated by the
weighting function generating device 205, as well as the
calculation to obtain the compensation value wo so as to carry
out the operation described 1n the second embodiment.

To carry out the operation described 1n the fourth embodi-
ment, a matrix constant generating device 207 generates the
factors all, al2,al3,...a35, and a36 for specitying the matrix
Az

A composing device 208 carries out calculation to obtain
the values r', g and b' of gradation levels of the output image
signal by using the compensation value generated by the
coellicient multiplying device 206, or the matrix A, gener-
ated by the matrix constant generating device 207.

The outside light detecting device 209 1s a light sensor for
detecting ambient brightness or ambient color of the color
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display device, and controls at least one of the foregoing
coellicients Nr, Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc,
Pr, Py and A,, and the functions izr, 1zg, {zb, tw, inr, Ing, Inb,
iny, Inm and fnc according to the detection result. Note that,
the function of the outside light detecting device 209 1s not
limited to the detection of ambient brightness, but may be
detection of other environmental factors of the color display
device, such as temperature.

With the foregoing arrangement, the color display device
of the present embodiment controls the foregoing coelficients
according to the environmental factors, particularly the
brightness of outside light, by the outside light detecting
device 209. On this account, 1t 1s possible to realize adjust-
ment of saturation according to changes of environment.

The color display device of the present embodiment 1s
especially suitable for a semi-transmission liquid crystal
panel. This 1s because, since a semi-transmission liquid crys-
tal panel functions as a transmission liquid crystal panel with
the backlight on, and functions as a reflection liquid crystal
panel with the backlight off; that 1s, color of displayed images
ol a semi-transmission liquid crystal panel changes depend-
ing on whether the backlight is on or off. However, the color
display device of the present embodiment allows setting of
coellicients by the outside light detecting device to be suitable
for each of the on and off states of the backlight. In this view,
the color display device of the present embodiment 1s suitable
for saturation adjustment for image display of a semi-trans-
mission liquid crystal panel.

Ninth Embodiment

The following will explain still another embodiment of the
present mvention with reference to FI1G. 27. FIG. 27 1llus-
trates a minute arrangement of the color conversion operation
circuit 101. The respective blocks shown 1n FIG. 27 have
identical functions to those described in the eighth embodi-
ment.

As explained, the differences between the mputted RGB
image signals are extracted by the hue data extracting device
203 1n accordance with the hue areas detected by the hue
judging device 202. These differences are then raised to the
powers of coellicients Nr, Ng, Nb, Ny, Nm, and Nc by the
nonlinear processing means 204. Then, the raised differences
are multiplied by corresponding constants by the coelficient
multiplying device 206 so as to find the compensation values
ro, go, bo, yo, mo and co. These compensation values are
added to the mputted RGB 1mage signals by the composing
device 208. As aresult, the gradation levels r', g' and b' of the
output image signal are found.

Specifically, the values of r', g' and b' are found by a similar
method to that described 1n the first embodiment. That 1s, the
input values r, g and b are calculated to find the output value
', g' and b' according to following Expressions (7) through

©).

(7)

r'=r+ro+vo+mo

(8)

g'=g+go+yo+co

b'=b+bo+mo+co

9)

Here,
in the case of the domain [1] where r=g=b:

ro=Cr(r-gy"",

yo=Cy(g-b)""?,

o0=bo=mo=co=0,



US 7,956,823 B2

35

in the case of the domain [2] where r=b>g:

ro=Ch(r-b)y"",
mo=Cm(b-g)"™,

go=bo=yo=c0=0,
in the case of the domain [3] where b>r=g:

bo=Ch(b-r)"?,
mo=Cm(r-gy'™,

ro=go=yo=co=U,
in the case of the domain [4] where b>g>r:

bo=Ch(b-g)*,
co=Cc(g—r)"°,

ro=go=yo=mo=0,

in the case of the domain [5] where g=>b>r:
go=Cg(g-b)"®

co=Ce(b-r)"",

ro=bo=yo=mo=0, and

in the case of the domain [6] where g>r=b:
go=Cglg-r)"s,

yo=Cy(r-b)"?,

ro=bo=mo=co=0,

where Cr, Cg, Cb, Cy, Cm, Cc, Nr, Ng, Nb, Ny, Nm, and Nc
are constants.

In contrast to the first embodiment using the coetlicients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg and Kcb,
this calculation operation of the present embodiment uses
constants Cr, Cg, Cb, Cy, Cm and Cc. The constants Cr, Cg,
Ch, Cy, Cm, Cc may be considered values resulting from
removal of the weighting functions, that change depending on

the values r, g and b, from the coelficients Krg, Krb, Kbr, Kbg,
Kegb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb and Kry. Accordingly,

the present embodiment provides no efiect of prevention of

tull saturation of chroma or color given by the weighting
functions.

However, by setting the values of Nr, Ng, Nb, Ny, Nm, and
Nc 1n the same manner as that described 1n the first embodi-
ment, the color control for the flesh color and the achromatic
colors etc. can still be obtained without using the weighting
functions.

Note that, since the values of r', g' and b' are found without
using the weighting functions 1n the present embodiment,
these values may become larger than 1 1n some cases. In such
cases, the values of r', g' and b' are required to be modified to
1.

Further, as the constants Cr, Cg, Cbh, Cy, Cm and Cc
increase, the values of r', g' and b' become larger than 1 more
often, which causes unnatural vision of the display. Accord-
ingly, 1t 1s desirable that the constants Cr, Cg, Cb, Cy, Cm and
Cc are set to small values to some extent in view of prevention
of the unnatural vision.

Tenth Embodiment

The following will explain yet another embodiment of the
present mvention with reference to FIG. 28. FIG. 28 illus-
trates a minute arrangement of the color conversion operation
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circuit 101. The respective blocks shown 1n FIG. 27 have
identical functions to those described in the eighth embodi-
ment.

As explained, the differences between the mputted RGB
image signals are extracted from the hue data extracting
means 203 1n accordance with the hue areas detected by the
hue judging means 202. These differences are multiplied by
corresponding coellicients by the coeflicient multiplying
device 206, so as to find the compensation values ro, go, bo,
yo, mo and co. These compensation values are added/sub-
tracted by the composing device 208 to/from the nputted
RGB 1mage signals, that are inputted based on the square
matrix of A,, generated by the matrix constant generating
device. As a result, the gradation levels r', g' and b' of the
output image signal are found.

Specifically, the values of r', g' and b' are found 1n a similar
manner than that described 1n the fourth embodiment. That 1s,
the output values r', g' and b' are calculated as follows by using
square matrix of A.

( FO )
0
'rr!\' [ ) &
f bo
g =18 |+ A3
! b yﬂ
b \
Y / mo
, CO
Here,

in the case of the domain [1] where r>g>b:
ro=Cr{r-g),
yo=Cy(g-b),

go=bo=mo=co=0,
in the case of the domain [2] where [2]r=b>g:
ro=Cr(r-b),

mo=Cm(b-g),

go=bo=yo=co=0,
in the case of the domain [3] where b>r>g:
bo=Cb(b-r),

mo=Cm(r-g),

ro=go=yo=co=0,
in the case of the domain [4] where b>g>r:

bo=Ch(b-g),
co=Cclg—r),
ro=go=yo—mo=0,

in the case of the domain [5] where g=b>r:
go=Cglg-b),

co=Cc(b-r),

ro=bo=yo=mo=0, and

in the case of the domain [6] where g>r=b:
go=Cglg-r),
yo=Cy(r-b),

ro=bo=mo=co=0,

where Cr, Cg, Ch, Cy, Cm, and Cc are constants.
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In contrast to the fourth embodiment using the coetlicients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb and
Kyr, this calculation operation of the present embodiment
uses constants Cr, Cg, Cb, Cy, Cm and Cc. Further, the cal-
culation 1s performed with no control of the coefficients Nr,
Ng, Nb, Ny, Nm, and Nc.

Accordingly, the present embodiment provides no effects
given by the weighting functions and the control of the coet-
ficients Nr, Ng, Nb, Ny, Nm, and Nc. However, by setting the
value of square matrix ol A, 1n the same manner as that
described in the fourth embodiment, the same effect can still
be obtained.

As with the ninth embodiment, since the values of r', g' and
b' are found without using the weighting functions in the
present embodiment, these values may become larger than 1
in some cases. In such cases, the values of r', g' and b' are
required to be modified to 1. Further, as the constants Cr, Cg,
Ch, Cy, Cm and Cc increase, the values of r', g' and b' become
larger than 1 more often, which causes unnatural vision of the
display. Accordingly, 1t 1s desirable that the constants Cr, Cg,
Ch, Cy, Cm and Cc are set to small values to some extent 1in
view ol prevention of the unnatural vision.

Eleventh Embodiment

The following will explain still another embodiment of the
present mvention with reference to FIG. 29. FIG. 29 illus-
trates a minute arrangement of the color conversion operation
circuit 101. The respective blocks shown 1n FIG. 29 have
identical functions to those described 1n the eighth embodi-
ment.

As explained, the inputted RGB 1mage signals are con-
verted 1nto luminance values of the display device by the
gradation luminance characteristic converting device 201.
Then, the difference between these luminance values are
extracted by the hue data extracting device 203 1n accordance
with the hue areas detected by the hue judging device 202.
These differences are then multiplied by corresponding con-
stants by the coelflicient multiplying device 206 so as to find
the compensation values ro, go, bo, yo, mo and co. These
compensation values are added to the mputted RGB image
signals by the composing device 208. As a result, the grada-
tion levels r', g and b' of the output 1image signal are found.

Specifically, the values of ', g' and b' are found 1n a similar
manner than that described in the fourth embodiment. That 1s,
the input values r, g and b are converted to the output values r',
g' and b' through calculation 1n accordance with the following

Expressions (7) through (9).

(7)

r'=r+ro+vo+mo

(8)

g=g+go+vo+co

b'=b+bo+mo+co

9)

Here,
in the case of the domain [1] where (r=g=b):

ro=Cr(fzr(r)-fzg(g)),

yo=Cy(fzg(g)-fzb(b)),

go=bo=mo=co=0,
in the case of the domain [2] where (r=b>g):

ro=Cr(fzr(r)—fzb(B)),
mo=Cm(fzb(b)-fzg(g)),

go=bo=yo=co=0,
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in the case of the domain [3] where (b>r=g):

bo=Ch(fzb(b)—fzr(#)),

mo=Cm{fzr(r)—fzg(g)),

ro=go=yo=co=0,
in the case of the domain [4] where (b>g>r1):

bo=Cb(fzb(b)-fzg(g)),
co=Ce(fzg(g)-fzr(r)),

ro=go=yo=mo=0,
in the case of the domain [5] where (g=b>r):

go=Cg(fzg(g)-fzb(D)),
co=Cc(fzb(b)~fzr(r)),

ro=bo=yo=mo=0, and
in the case of the domain [6] where (g>r=b):

go=Cg(fzg(g)—fzr(r)),
yo=Cy(fz r(r)-fzb(D)),

ro=bo=mo=co=0,

Where Cr, Cg, Cb, Cy, Cm and Cc are constants; and 1zr,
fzg and 1zb are functions which change depending on the
values of r, g and b 1n the corresponding bracket.

In contrast to the fifth embodiment using the coellicients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb and
Kyr, this calculation operation of the present embodiment
uses constants Cr, Cg, Cb, Cy, Cm and Cc. Further, the cal-
culation 1s performed with no control of the coefficients Nr,
Ng, Nb, Ny, Nm, and Nc. Furthermore, 1t 1s performed with-
out the square matrix of A,..

Accordingly, the present embodiment provides no etfects
given by the weighting functions, the control of the coefli-
cients Nr, Ng, Nb, Ny, Nm, and Nc, and the square matrix of
A, .. However, by setting the values of the functions tzr, {zg
and izb 1n the same manner as that described in the fifth
embodiment, the same effect can still be obtained.

As with the ninth embodiment, since the values of r', g' and
b' are found without using the weighting functions 1n the
present embodiment, these values may become larger than 1
in some cases. In such cases, the values of ', g' and b' are
required to be modified to 1. Further, as the constants Cr, Cg,
Ch, Cy, Cm and Cc increase, the values of r', g' and b' become
larger than 1 more often, which causes unnatural vision of the
display. Accordingly, 1t 1s desirable that the constants Cr, Cg,
Ch, Cy, Cm and Cc are set to small values to some extent 1n
view of prevention of the unnatural vision.

Twelfth Embodiment

The following will explain yet another embodiment of the
present mvention with reference to FIG. 30. FIG. 30 1llus-
trates a minute arrangement of the color conversion operation
circuit 101. The respective blocks shown 1n FIG. 30 have
identical functions to those described in the eighth embodi-
ment. Further, the average luminance and peak luminance
detecting means 1s 1dentical to that shown 1n FIG. 10, that 1s
explained 1n the sixth embodiment.

As explained, the differences between the mputted RGB
image signals are extracted by the hue data extracting means
203 1n accordance with the hue areas detected by the hue

judging device 202. These differences are then multiplied by
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corresponding constants by the coelflicient multiplying
device 206 so as to find the compensation values ro, go, bo,
yo, mo and co.

Further, the wo component 1s calculated by the function fw.
The function tw dynamically changes depending on the infor-
mation obtained by the average luminance and peak lumi-
nance detecting device 108. Further, the foregoing compen-
sation values are added to the inputted RGB 1mage signals by
the composing device 208. As a result, the gradation levels r',
g' and b' of the output image signal are found.

Specifically, the values of ', g' and b' are found 1n a similar
manner than that described in the second embodiment. That
1s, the input values r, g and b are converted to the output values
r', ¢' and b' through calculation 1n accordance with the fol-
lowing Expressions (10) through (12).

r'=r+ro+vo+mo+wo (10)

(11)

g=g+go+vo+co+wo

b'=b+bo+mo+co+wo (12)

Here,
in the case of the domain [1] where (r=g=b):

ro=Cr(r-g),

yo=Cy(g-b),
wo=fw(b),

o0=bo=mo=co=0,
in the case of the domain [2] where (r=b>g):

ro=Cr(r-b),
mo=Cm(b-g),

wo=fw(g),

go=bo=yo=co=0,
in the case of the domain [3] where (b>r=g):

bo=Cb(b-r),
mo=Cm(r-g),

wo=fw(g),

ro=go=yo=co=U,
in the case of the domain [4] where (b>g>T):

bo=Cb(b-g),

co=Cc(g-r),

wo=fw(r),

ro=go=yo=mo=0,
in the case of the domain [5] where (g=b>r):

go=Cg(g-b),

co=Cc(b-r),

wo=fw(r),

ro=bo=yo=mo=0, and
in the case of the domain [6] where (g>r=b):

go=Cg(g-r),

yo=Cy(r-b),
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wo=fw(b),

ro=bo=mo=co=0,

where Cr, Cg, Cb, Cy, Cm, and Cc are constants, and fw 1s
a Tunction dynamically changes depending on the average
luminance and the peak luminance of the image.

In contrast to the second embodiment using the coeliicients
Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kmb, Kmr, Kcg, Kcb and
Kyr, this calculation operation of the present embodiment
uses constants Cr, Cg, Cb, Cy, Cm and Cc. Further, the cal-
culation 1s performed with no control of the coetlicients Nr,
Ng, Nb, Ny, Nm, and Nc.

Accordingly, the present embodiment provides no etfects
given by the weighting functions, the control of the coetli-
cients Nr, Ng, Nb, Ny, Nm, and Nc. However, by setting the
values of the function fw 1n the same manner as that described
in the second embodiment, the same effect can still be
obtained. Further, by dynamically changing the function fw
depending on the average luminance and the peak luminance
as 1n the sixth embodiment, the same effect can be obtained.

As with the ninth embodiment, since the values of r', g' and
b' are found without using the weighting functions in the
present embodiment, these values may become larger than 1
in some cases. In such cases, the values of r', g' and b' are
required to be modified to 1. Further, as the constants Cr, Cg,
Ch, Cy, Cm and Cc increase, the values of r', g' and b' become
larger than 1 more often, which causes unnatural vision of the
display. Accordingly, 1t 1s desirable that the constants Cr, Cg,
Ch, Cy, Cm and Cc are set to small values to some extent 1n
view ol prevention of the unnatural vision.

Thirteenth Embodiment

Still another embodiment of the present invention 1s
described below. In the foregoing embodiments, each com-
ponent 1s extracted by classitying the mputted RGB signals
into six domains according to the relationship of their grada-
tion levels, and determining the difference of the respective
components depending on the corresponding domain. How-
ever, the present invention 1s not limited to this method. The
following describes one alternative, for example.

For example, the following calculation may also be used
for extracting the components.

With respect to the gradation levels r, g and b of the input
signal, the compensation values ro, go, bo, yo, mo, co and wo
may be calculated according to the following equations.

ro=Crmin (rg, rb),
go=Cgmin (gr, gb),
bo=Ch-min (br, bg),
vo=Cy-min (rb, gb),
mo=Cmmin (rg, bg),

co=Cc-min (g7, br),

where min ( ) 1s a function for giving the smallest value
among those 1n the bracket,
on condition that:

rg—r=g,
rb=r-b,
gr=g8g-F

gb=g-b,
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br=>b-r

bg=b-g

in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.

The respective calculated components according to the
foregoing equations may be considered the same as those
used 1n the respective embodiments above.

For example, 1n the case where r>g>b, the values of rg, rb
and gb become positive, and the values of gr, br and bg
become negative. However, since 1t 1s set that negative values
are modified to O, these gr, br and bg become 0.

Further, 1n the equation of ro for calculating the compo-
nents, the smaller one of rg and rb 1n the bracket 1s chosen.
Therefore, 1n this case where r>g>b, rg 1s chosen. Accord-
ingly, yo=Cy (g-b), and wo=Iw(b). Since all other compo-
nents contain O 1n their function min( ), they all result 1n O.

Further, when calculating ro 1n consideration of a weight-
ing function, the coellicient for multiplying the difference
needs to be changed depending on which of rg and rb 1s
smaller. Specifically, calculation 1s performed according to
the following equations in order to extract components in
consideration of the weighting function.

-1in the case where rg<rb: ro=Krgrg
-1in the case where rg>rb: ro=Krb-rb
-1in the case where gr<gb: go=Kgr-gr
-1in the case where gr>gb: go=Kgb-gb
-in the case where br<bg: bo=Kbr-br
-1in the case where br>bg: bo=Kbg-bg
-1in the case where rb<gb: vo=Kyrrb
-1in the case where rb>gb: vo=Kvg-gbh
-1in the case where rg<bg: mo=Kmr-rg
-in the case where rg>bg: mo=Kmb-bg
-1in the case where gr<br: co=Kcg-gr

-1in the case where gr>br: co=Kcbh-br

where min ( ) 1s a function for giving the smallest value
among those 1n the bracket,
on condition that:

rg=r-g,

rb=r-b,
gr=8-F

gb=g-b,

br=>5b-r

bg=b-g,

in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.

Note that, the coetlicients Krg, Krb, Kbr, Kbg, Kgh, Ker,
Kyg, Kmb, Kmr, Kcg, Kcb and Kyr are the same as those used
in the respective embodiments above. In this manner, the
respective components may be extracted without classifying,
the input RGB signals into six domains.
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The present invention 1s not limited to the embodiments
above, but may be altered within the scope of the claims. An
embodiment based on a proper combination of technical
devices disclosed 1n different embodiments 1s encompassed
in the technical scope of the present invention.

Further, the color display device of an embodiment of the
present invention may also be expressed as: a color display
device comprising hue judging means for detecting a rela-
tionship between RGB components of an input color image
signal 1n terms of their gradation levels and determining
whether the 1nput signal belongs to which of the six patterns
of the relationship; and gradation compensating means for
carrying out gradation compensation individually for the
three components RGB excluding a component with a small-
est gradation level, using variables that vary depending on the
respective gradation levels of the three components RGB.

The hue judging means 1s supported by, in one exemplary
non-limiting manner, the hue judging device 202 shown in
FIG. 23. Further, the gradation compensating means 1s sup-
ported by, 1n one exemplary non-limiting manner, the hue
data extracting device 203, the nonlinear processing device
204, the weighting coetlicient generating device 205 and the
coellicient multiplying device 206, the matrix constant gen-
erating device 207 and the composing device 208, which are
shown 1n FIG. 23.

Note that, the respective blocks or operation processes of
the color display device and method described 1n the forego-
ing embodiments may be carried out by a program stored in a

ROM (Read Only Memory) or a RAM, which is carried out

by calculating means such as a CPU for example, and 1s
controlled by inputting means such as a keyboard {for
example, outputting means such as a display for example, or
communicating means such as an interface circuit for
example. In this manner, the respective functions and opera-
tions of the color display device of an embodiment of the
present mnvention may be realized only by reading out a pro-
gram from a storage medium and enforcing the program by a
computer. Further, by storing the program in a removable
medium, the respective functions and operations may be
enforced by an arbitrary computer.

The storage medium for storing a program may be a
memory (not shown) such as a ROM, or a computer readable
medium or program medium, which 1s read by a program
reading device (external storage device; not shown) into
which the medium 1s inserted.

Further, 1n either case, 1t 1s preferable that the program
stored 1n the medium 1s accessed by a microprocessor for
enforcement.

Further, 1t 1s also preferable that the program 1s read out and
then 1s downloaded 1n a program storage area of a microcom-
puter before enforcement. The downloading 1s carried out by
a built-1n program of the main body of the device.

Here, the program medium above may be a computer read-
able medium or a storage medium arranged to be removable
from the main body, and may be the medium fixedly holds the
program code, which can be (a) a tape system such as a
magnetic tape, a cassette tape or the like, (b) a disk system

which includes a magnetic disk such as a floppy disk®, a hard
disk or the like and an optical disk such as a CD-ROM, an

MO, an MD, a DVD or the like, (¢) a card system such as an
IC card (inclusive of a memory card), an optical card or the
like, and (d) a semiconductor memory such as a mask ROM,
an EPROM, an FEPROM, a flash ROM.

Further, 1n the case of a configuration accessible to a com-
munications network including the Internet, it 1s preferable
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that the medium may be the one fluidly carries the program
code so that the program can be downloaded via the commu-
nications network.

Note that, in the case of downloading a program from the
communications network, the program for carrying out
downloading may be either previously stored in the main
body of the device or mstalled from a different storage
medium.

As described, a color display device of an embodiment of
the present invention determines a relationship between plu-
ral color components of an mput color image signal 1n terms
of their gradation levels, and carries out calculation based on
the relationship for each of the plural color components
excluding a component with a smallest gradation level. This
1s done using variables that are vary depending on the respec-
tive gradation levels of the plural color components.

Further, a color display device of an embodiment of the
present mmvention determines a relationship between three
color components of an input color image signal 1n terms of
their gradation levels, and carries out a different calculation
for each mput color image signal depending on whether the
input color image signal belongs to which of six patterns of
the relationship. The calculation 1s performed for each of the
three color components excluding a component with a small-
est gradation level, using variables that vary depending on the
respective gradation levels of the three color components.

An embodiment of the present mnvention carries out color
compensation of an input color signal 1n consideration of
RGB components, YMC components, and also white com-
ponent 1n some cases, contained in the signal, thus achieving
desired color conversion operation.

Further, the color display device 1s arranged so that the
variables are determined so that the gradation levels of the
input color image signal after color compensation fall within
a range of a color model that expresses the gradation levels of
the input color image signal before and after color compen-
sation 1n terms of distributions of hue, luminance and satura-
tion.

Further, it 1s preferable that the input color image signal 1s
converted 1nto an output color 1image signal with the RGB
components respectively having gradation levels of r', g' and
b', which are given by:

r'=r+ro+vo+mo,
g=g+go+vo+co,

b'=b+bo+mo+co,

where r, g and b are values obtained by dividing original
gradation levels of the three color components of the mput
color 1mage signal by a maximum gradation value N-1; and
in a case [1] where r=g=b,

ro=Krg(r- g)N "

vo=Kyg(g-b)"*"

g0=bo=mo=co=0,

for case [2] where r=b>g,

ro=Krb(r-bY""
mo=Kmb(b-g)"™

go=bo=yo=co=0,
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for case [3] where b>r=g,

bo=Kbr(b—r)V>
mo=Kmr(r-g*™

ro=go=yo=co=0,
for case [4] where b>g>r,

bo=Kbg(b-gl)™?,
co=Kcg(g-r)"",

ro=go=yo=mo=0,
for case [5] where g=b>r,

go=Kgb(g-b)"*,
co=Kch(b-rY"°,

ro=bo=yo=mo=0,
for case [6] where g>r=b,

go=Kgr(g-r)"*,
yo=Kyr(r-bY",

ro=bo=mo=co=0,

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are variables which change depending on values

ofr, gand b; and Nr, Ng, Nb, Ny, Nm and Nc¢ are constants not
less than O.

Further, 1t 1s preferable that the variables are expressed as:

Krg=Crfig(nb), Krb=Crfrb(rg)

Kgr=Cgfgr(g b), Kgh=Cgfgb(gr)

Kbr=Cb-fbr(b,g), Kbg=Cb-fbg(b,r)

Kyg=Cy:fyg(rb), Kmb=Cm:fmb(r,g)

Kmr=Cm-fmr(b,g), Kcg=Cc fcg(b,r)

Keb=Cc-fcb(g,r), Kyvr=Cy-fyr(g,b)

where Cr, Cb, Cg, Cy, Cm and Cc are constants; irg, irb,
ter, fgb, 1br, tbg, Iyg, tmb, Imr, fcg, Icb and fyr are functions
which respectively change depending on values of r, gand b
in corresponding brackets; and the r, g and b are obtained by
dividing original gradation levels of the RGB components of
the input color image signal by a maximum gradation value
N-1.

Further, the variables may be expressed as:

Krg=Crfar(r)-fag(b), Krb=Crfar(r)-fab(g)
Kgr=Cgfag(g).far(b), Kgb=Cg fag(g).fab(r)

Kbr=Cb-fab(b)far(g), Kbg=Cbh-fab(b)fag(r)
Kvg=Cv-far(r)fab(b), Kmb=Cm-far(r)fag(g)
Kmr=Cm-fab(b)fag(g), Kcg=Cc-fab(b) far(r)

Kcb=Ccfag(g).fa r(r), Kyr=Cy.fag(g).fab(b)

where Cr, Ch, Cg, Cy, Cm and Cc are constants; far, fab and
fag are functions which respectively change depending on
values of r, g and b 1n corresponding brackets; and ther, g and
b are obtained by dividing original gradation levels of the
RGB components of the mnput color image signal by a maxi-
mum gradation value N-1.
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Further, the variables may be expressed as:

Krg = Cr - ar - ab,
Kor=Cg - ag - ab,
Kbr=Cb - ab - ag,
Kyg =Cy - ar- ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

Krb = Cr- ar- ag,
Kgb =Cg - ag- ar,
Kbg =Cb - ab - ar,
Kmb =Cm - ar - ag,
Kcg =Cc - ab - ar,
Kyr=Cy - ag - ab,

ar = fO x 1 (0 = r < Mr),
ar =1l x (1 - 1)~ (Mr=r=1),
ag = g0 x gk (0= g<Mg),
ag =gl x (1 - g) Mg = g =1),
ab = h0 x b* (0 = b <Mb),
ab =hl x (1 - b)* (Mb = b = 1),

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and ther,
g and b are obtained by dividing original gradation levels of
the RGB components of the mput color 1mage signal by a
maximum gradation value N-1.

Further, the variables may be expressed as:

Krg = Cr - ar - ab,
Kgr=Cg - ag - ab,
Kbr=Cb - ab - ag,
Kyg =Cy - ar - ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

Kib=Cr- ar- ag,
Kgb=Cg- ag- ar,
Kbg = Cb - ab - ar,
Kmb =Cm - ar - ag,
Kcg =Cc - ab - ar,
Kyr=Cy - ag- ab,

ar=2xr (0 =r<0.5),
ar=2x(1-r1) (05=r=1),
ag=2xg (0 = g <0.5),
ag=2x(1-g) (05=g=1),
ab=2xb (0 = b <0.5),
ab=2x (1 -b) (0.5 =b=1),

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and ther,
g and b are obtained by dividing original gradation levels of
the RGB components of the mput color image signal by a
maximum gradation value N-1.

Further, the variables may be expressed as:

Krg=Crfinax(r)fmin(b), Krb=Cr-fmax(r)finin(g)
Kgr=Cg:fmax(g)fmin(b), Kgb=Cg:fmax(g).fmin(r)
Kbr=Cb-finax(b)fmin(g), Kbg=Ch-fmax(b)finin(r)
Kyg=Cy-finax(r)fmin(b), Kmb=Cm-fmax(r)fnin(g)
Kmr=Cmfmax(b)-fmin(g), Kcg=Cc -fmax(b)finin(r)

Keb=Cefmax(g)-fmin(r), Kyvr=Cy fmax(g)-fmin(b)

where Cr, Cb, Cg, Cy, Cm and Cc are constants; imax, and
fmin are functions which respectively change depending on
values of r, g and b 1n corresponding brackets; and ther, g and
b are obtained by dividing original gradation levels of the
RGB components of the mnput color image signal by a maxi-
mum gradation value N-1.

Further, the variables may be expressed as:

Krg =Cr- Sr- Tb,
Kgr=Cg - Sg- Th,
Kbr=Cb - Sb-Tg,
Kyg =Cy - Sr- Tb,
Kmr=Cm - Sb-Tg,
Kcb =Cc - Sg - Tr,
Tr = t*,
Sr=(1 - 1),

Krb=Cr- Sr-Tg,
Kgb =Cg - Sg - Tr,
Kbg = Cb - Sb - T,
Kmb =Cm - Sr-Tg,
Kcg=Cc- Sb - Tr,
Kyr=Cy - Sg- Th,
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-continued
Tg=g",
Sg=(1-g)
Tb = bF,
Sb=(1 - b)~,

where Cr, Cb, Cg, Cy, Cm, Cc and k are constants, and the
r, g and b are obtained by dividing original gradation levels of
the RGB components of the mput color image signal by a
maximum gradation value N-1.

Further, 1t 1s preferable that the constant k 1s 1.

Further, it 1s preferable that the Cr, Cb, Cg, Cy, Cm and Cc
are constants expressed as 1/(integer power of 2).

Further, the input color image signal may be converted 1nto
an output color image signal with the RGB components
respectively having gradation levels of r', g' and b', which are
given by:

( Fro )

go
bo

Vo
O

+A35

oQ
Il
oS

\ €O

where r, g and b respectively express gradation levels of
RGB components of the inputted color image signal; and A ;4
expresses square matrix of 3x6; and

in the case [1] where r=g=b,

ro=Krg(r-g)",

vo=Kyg(g-b)"",

go=bo=mo=co=0,
in the case [2] where r>b>g,

ro=Krb(r-bY"",
mo=Kmb(b-g)"™,

go=bo=yo=co=0,
in the case [3] where b>r=g,

bo=Kbr(b-r)"",
mo=Kmr(r—g)"™,

ro=go=yo=co=0,
in the case [4] where b>g>r,
bo=Kbg(b-g)™",

co=Kcg(g-ry"*,

ro=go=yo=mo=0,
in the case [5] where g=b>r,

go=Kgb(g-b)"*,
co=Kch(b-r)"°,

ro=bo=yo=mo=0,
in the case [6] where g>r=b,

go=Kgr(g-n"%,
yo=Kyr(r-by"?,

ro=bo=mo=co=0,
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where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are variables which change depending on values
ofr, gand b; and Nr, Ng, Nb, Ny, Nm and Nc¢ are constants not
less than O.
Further, the input color image signal may be converted into

an output color image signal with the RGB components
respectively having gradation levels of r', g' and b', which are

given by:

( ¥o )
0
'{FJ\" (D &
; bo
g |=| & |+ Az
y | b >
L)
\ / mo
, CO

where r, g and b respectively express gradation levels of
RGB components of the inputted color image signal; and A ;4
expresses square matrix of 3x6; and

in the case [1] where r=g=b,

ro=Krg(fzr(r)-f2g(2) """,

yo=Kyg(fzg(g)-fzb(b)) 7,

g0=bo=mo=co=0,

in the case [2] where r=b>g,
ro=Krb(fzr(r)-fzb(b)) ",

mo=Kmb(/zb(b)-1zg(g)) ™",
g0=bo=yo=co=0,

in the case [3] where b>r=g

bo=Kbr(fzb(b)—fzr(r)) V?

mo=Kmr(fzr(r)-f2g(g)) ™"

ro=go=yo=co=0

in the case [4] where b>g>r

bo=Kbg(fzb(b)-fzg(g))
co=Kcg(fzg(g)-fer(r))

ro=go=yo=mo==0

in the case [5] where g=b>r
go=Kgb(fzg(g)-fzb(b)) ™%

co=Kcb(fzb(b)—fer(#) V¢

ro=bo=yo=mo=0

in the case [6] where g>r=b

go=Kgr(fzg(g)-fer(r)) V¢
vo=Kyr(fzr(r)-fzb(b)) **

ro=bo=mo=co=0

where Krg, Krb, Kbr, Kbg, Kgb, Kor, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are variables which change depending on values
ofr, gand b; Nr, Ng, Nb, Ny, Nm and Nc are constants notless
than O, and {zr, 1zg, {zb are functions which respectively
change depending on values of r, g and b 1n corresponding
brackets.
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Further, the input color image signal may be converted into
an output color image signal 1n which the RGB components
respectively have gradation levels of ', ¢' and b', which are
grven by:

r'=pr+ro+yvo+mo,
g=g+go+vo+co,

b'=b+bo+mo+co,

where r, g and b respectively express gradation levels of
RGB components of the mputted color image signal; and,
in the case [1] where r=g=b,

ro=Krgfur(r-g),

yo=Kygfny(g-b),

go=bo=mo=co=0,
in the case [2] where r=b>g,

ro=Krb-fnr(r-b),
mo=Kmb-fum(b-g),

go=bo=yo=co=0,
in the case [3] where b>r=g,

bo=Kbr-fnb(b-r),
mo=Kmr-fum(r-g),

ro=go=yo=co=0,
in the case [4] where b>g>r,

bo=Kbg-mb(b-g),
co=Kcg-fnc(g-r),

ro=go=yo=mo=0,
in the case [S]| where g=b>r,

go=Kgb fng(g-b),

co=Kcb-fnc(b-r),

ro=bo=yo=mo=0,
in the case [6] where g>r=b,

go=Kgrfng(g-r),
yo=Kyrfny(r-b),

ro=bo=mo=co=0,

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr,
Kcg and Kcb are variables which change depending on values
of r, g and b; and Inr(DX), Ing(DX), tnb(DX), Iny(DX),
inm(DX) and Inc(DX) are functions which respectively
change depending on calculation result DX (0=DX=1) of
corresponding brackets.

As with this arrangement, by setting the coeflicients Krg,
Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb
(weighting functions) based on one of the R, G and B com-
ponent having the maximum luminance and the one of them
having the mimimum luminance, 1t 1s possible to reduce the
weilghting functions when the gradation level of a color com-
ponent with a maximum luminance comes closer to the maxi-
mum gradation value, or when the gradation level of a color
component with the minimum luminance comes close to O.

Accordingly, 1t 1s possible to prevent the defect of color
saturation in the case where an output color image signal has
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a greater gradation level than the maximum gradation value,
and also to prevent enhancement of saturation when the input
signal 1s a monochromatic color, thus outputting (displaying)
a color 1mage with approprate gradation.

The foregoing effect offered by the weighting function
may also be obtained with the following arrangements.

That 1s, the color display device of an embodiment of the

present mvention may be arranged so that the mput color
image signal 1s converted into an output color 1image signal
with the three color components respectively having grada-
tion levels of r', g' and b', which are given by:

r'=r+ro+vo+mo,
g =g+go+vo+co,

b'=b+bo+mo+co,

where r, g and b are values obtained by dividing original
gradation levels of the three color components of the mput
color image signal by a maximum gradation value N-1; and,
in a case [1] where r=g=bh:

ro=Cr(r-g)™",

yo=Cy(g-bY"?,

o0=bo=mo=co=0,
in a case [2] where r=b>g;:

ro=Ch(r-by™",

mo=Cm(b-gy*™,

go=bo=yo=co=0,
in a case [3] where b>r=g:

bo=Ch(b-rY%,
mo=Cm(r—-g)"™,

ro=go=yo=co=U,
in a case [4] where b>g>r:

bo=Ch(b-g)"*,
co=Cec(g-r°,

ro=go=yo=mo=0,

1in a case [5] where g=b>r:
go=Cglg-b)"e,

co=Cc(b-r}"°,

ro=bo=yo=mo=0, and

in a case [6] where g>r=b:

go=Cg(g-r)"%,
yo=Cy(r-b)"?,

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, Cc, Nr, Ng, Nb, Ny, Nm, and
Nc are constants.

Further, the color display device of an embodiment of the
present mvention may be arranged so that the mput color
image signal 1s converted into an output color 1image signal
with the three color components respectively having grada-
tion levels of r', g' and b', which are given by:
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where r, g and b are values obtained by dividing original
gradation levels of the three color components of the mput
color image signal by a maximum gradation value N-1; and
A, expresses square matrix of 3x6; and

in a case [1] where r=g=b:

ro=Cr(r—g),

yo=Cy(g-b),

go=bo=mo=co=0,
in a case [2] where r=b>g;

ro=Cr(r-b),
mo=Cm(b-g),

go=bo=yo=co=0,
in a case [3] where b>r=g:

bo=Cb(b-r),
mo=Cm(r-g),

ro=go=yo=co=0,
in a case [4] where b>g>r:

bo=Cb(b-g),
co=Cc(g-r),

ro=go=yo=mo=0,
in a case [5] where g=b>r:
go=Cg(g-b),

co=Cc(b-r),

ro=bo=yo=mo=0, and
in a case [6] where g>r=b:

go=Cglg-r),
yo=Cy(r-b),

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, and Cc are constants.

Further, the color display device of an embodiment of the
present mvention may be arranged so that the mput color
image signal 1s converted into an output color image signal
with the three color components respectively having grada-
tion levels of r', g' and b', which are given by:

r'=r+ro+vo+mo
g =g+go+vo+co

b'=b+bo+mo+co

where r, g and b are values obtained by dividing original
gradation levels of the three color components of the mput
color image signal by a maximum gradation value N-1; and,
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in a case [1] where (r=g=b):

ro=Crifzr(r)-fzg(g)),

vo=Cylfzg(g)-Jzb(b)),
go=bo=mo=co=0,

in a case [2] where (r=b>g):
ro=Cr(fzr(r)-fzb(D)),
mo=Cm(fzb(b)-1zg(g)),
go=bo=yo=co=0,

in a case [3] where (b>r=g):

bo=Ch(fzb(b)-fzr(r)),

mo=Cm(fzr(r)-zg(g)),
ro=go=yo=co=0,

in a case [4] where (b>g>r1):
bo=Cb(fzb(b)-/zg(g)),
co=Celfzg(g)-fzr(r)),
ro=go=yo=mo=0,

in a case [5] where (g=b>r):
go=Cg(fzg(g)-/zb(b)),
co=Cel(fzb(b)-fzr(r)),
ro=bo=yo=mo=0, and

in a case [6] where (g>r=b):

go=Cglfzg(g)—fzr(r)),

yo=Cy(fz r(r)-fzb(b)),

ro=bo=mo=co=0,

Where Cr, Cg, Ch, Cy, Cm and Cc are constants; and 1zr,
tzg and 1zb are functions which change depending on the
values of r, g and b 1n corresponding brackets.

Further, the color display device of an embodiment of the
present ivention may be arranged so that the mput color
image signal 1s converted nto an output color image signal
with the three color components respectively having grada-
tion levels of r', g' and b', which are given by:

r'=r+ro+vo+mo
g=g+go+vo+co

b'=b+bo+mo+co

where r, ¢ and b are values obtamed by dividing original
gradation levels of the three color components of the input
color 1image signal by a maximum gradation value N-1; and,

ro=Cr-min (rg, rb),
go=Cg-min (g1, gb),
bo=Cb-min (br, bg),
vo=Cy-min (rb, gb),
mo=Cmmin (rg, bg),

co=Ccmin (gr, br),

52

in which min ( ) 1s a function for giving a smallest value 1n
a corresponding bracket; and Cr, Cg, Cb, Cy, Cm and Cc are
constants,

on condition that:

5 _
rg=r-g,
rb=pr-b,
gr=8-r,

10
gb=g-b,
br=>b-r
bg=b-g,

15

in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.
Further, the color display device of an embodiment of the
present mvention may be arranged so that the mput color
»o 1mage signal 1s converted into an output color image signal
with the three color components respectively having grada-
tion levels of r', g' and b', which are given by:

r'=r+ro+vo+mo

25 g'=g+go+yo+co

b'=b+bo+mo+co

where r, g and b are values obtained by dividing original
gradation levels of the three color components of the mput
30" color image signal by a maximum gradation value N-1; and

ro=Krg-rg where rg<rb,

ro=Krb-rb where rg>rb,

35 go=Kgr-gr where gr<gb,

go=Kgb-gb where gr>gb,

bo=Kbr-br where br<bg,

40
bo=Kbg-bg where br>bg,

vo=Kyrrb where rb<gb,

45 vo=Kyg-gh where rb>gb,

mo=Kmrrg where rg<bg,
mo=Kmb-bg where rg>bg,

50 co=Kcg-gr where gr<br,

co=Kcbh-br where gr>br,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depending on
values of r, g and b,

on condition that:

55

e,

60 rb=pr-b,

gr=g-r,
gb=g-b,

63 br=>b-r

bg=b-g,



US 7,956,823 B2

53

in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.
Further, 1t 1s preferable that the functions far(r), fab(b) and

fag(g) are continuous functions which give O when ther, gand
b (0=r,g,b=1)are Oor 1.

With this arrangement, the weighting function becomes 0
when the value of the maximum luminance comes closer to
the maximum gradation value, and when the value of the

mimmum luminance comes closer to O.

Accordingly, 1t 1s possible to more securely prevent the
defect of color saturation, and also more securely prevent
enhancement of saturation when the mnput signal 1s a mono-
chromatic color, thus securely outputting (displaying) a color
image with approprate gradation. Particularly, by setting the
coellicient k, which 1s used for finding Tr, Sr, Tg, Sg, Tb and
Sb, as 1, it 1s possible to simplify the process for calculating
an output color image signal.

Further, 1t 1s preferable that the function fmax 1s a continu-
ous function which gives 0 when the r, g and b (0=r,g,b=1)
are 1; and the function fmin 1s continuous function which
gives 0 when ther, g and b (0=r,g,b=1) are O.

Further, 1t 1s preferable that the variables Nr and Ny are not
less than 1, and that the variables Ng, Nb, Nm and Nc¢ are not
more than 1.

By making Nr and Ny not more than 1, change 1n lumi-
nance 1n the vicinity of flesh color 1s reduced, thus appropri-
ately displaying an image of flesh color. Moreover, by making
the variables Ng, Nb, Nm and Nc not more than 1, 1t 1s
possible to increase the compensation value bo etc., which 1s
added to the original gradations for color compensation, thus
appropriately enhancing saturation in the vicinity of achro-
matic colors

Further, 1t 1s preferable that the A, 15 expressed as:

al?2 al3 ald ald al6d
al2?2 a23 a24 ald a26
a3? a33 a34 a3d a36 )

(all
a2l

. a3l

where all=a22=a33=al4=a24=al 5=a35=a26=a36=1 and
a2l, a31, al2, a32, al3, a23, a34, a25 and al6 are O or a
negative value.

This arrangement of the matrix A, with the foregoing
components offers the following etfect.

For example, 1n the case where r>b>g, a2l 1s set to be not
more than O, and the G signal 1s reduced and the R signal 1s
enhanced. In this manner, saturation of the R signal 1s more
eificiently enhanced.

Similarly, by setting al2 and a32 to be not more than O,
saturation of the G signal 1s efliciently enhanced, and by
setting al3 and a23 to be not more than 0, saturation of the B
signal 1s efficiently enhanced.

Accordingly, the arrangement of the matrix A, with the
foregoing components enables appropriate enhancement of
saturation for the mput signal having RGB components.

Further, it 1s preterable that the A, . 1s expressed as:

(all al2 al3 ald ald al6)

Az =| a2l a22 a23 a2d4 a5 al6
a3l a32 a33 a34 a3d a36
where all=a22=a33=ald4=a24=al 5=a’35=a26=a36=1,

all+a2l+a31=0, al2+a22+a32=0, al3+a23+a33=0, ald+
a24+a34=0, al5+a25+a35=0, and al 6+a26+a36=0.
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With these conditions, it 1s possible to equalize the gross
input luminance (r+g+b) and the gross output luminance (r'+
g'+b"). Therefore, saturation may be enhanced without a great
change of average luminance of the input color signal.

Further, 1t 1s preferable that the A, 1s expressed as:

(all al2 al3 ald ald al6)
Asg a2l a22 a23 a24 ald alb
a3l a32 a33 a34 a3d a36

where al 1=a22=a33=ald=a24=al 5=a’3>=a26=a36=1,
a2l=a31=al2=a32=al3=a23=-0.5, and a34=a25=al 6=-2.

With these conditions, it 1s possible to evenly carry out
addition/subtraction for each of the RGB signals. Therefore,
saturation may be enhanced without causing changes 1n hue.

Further, it 1s preferable that the functions izr, 1zg, 1zb
convert mput values identical with each other into output
values different from each other. With this arrangement, 1t 1s
possible to compensate gradation values of the inputted RGB
signals with individual luminance values. This enables
enhancement of saturation according to gradation luminance
characteristics of the respective RGB colors.

Further, in a general display panel, the input gradation
levels of RGB are converted 1nto the luminance values by
raising each of the respective gradation values of r, g and b to
the power of 2.2. Thus, by satisfying: fzr=r>~, fzg=g>* and
fzb=b>", it is possible to enhance saturation in a suitable way
for a general display panel.

Further, by setting the functions as: fzr=r", fzg=g” and
fzb=b*, the saturation can be appropriately enhanced with
simple operation by raising the gradation levels of R, Gand B
to the second power.

Further, it 1s preferable that the functions Inr(DX) and
iny(DX) each give a negative value at least at a predetermined
value 1n a range of O0<DX=1.

In this arrangement, by setting the value of flesh color as
the predetermined value, the calculations of compensation
values ro and yo for calculating the output color image signal
result 1s minus values. Accordingly, the R component and the
B component of the output color image signal become weaker
than those 1n the mput color image signal, thus reducing
saturation only for flesh color.

Further, since the functions Inr(DX) and iny(DX) each
give a negative value at least at a predetermined value 1n a
range of 0<DX=1, the functions itnr (DX) and tny (DX) may
be arbitrary set except for the range of the predetermined
value. Accordingly, when the DX 1s a value 1n the vicinity of
monochromatic color, the functions Inr (DX) and tny (DX)
can be set substantially as 0, so that the compensation values
ro and yo for calculating the output color image signal
become substantially 0. Therefore, the R component and the
B component of the output color image signal become sub-
stantially the same values as those 1n the mput color 1mage
signal, thus maintaining saturation in the vicinity of mono-
chromatic color.

Further, 1t 1s preferable that the functions inr(DX) and
iny(DX) are expressed as:

fur(DX)=DX*-Pr-DX,
f(DX)=DX*-Py-DX,

where Pr and Py are constants greater than O.

In this manner, the functions Inr(DX) and tny(DX) may be
written 1n a simpler form which allows easy implementation
with hardware. Therefore, 1t 1s possible to reduce saturation of
flesh color with a stmple operation.
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Further, a color display device of an embodiment of the
present invention may be arranged so that the color display
device determines a relationship between plural color com-
ponents of an input color image signal 1n terms of their gra-
dation levels, and carries out calculation based on the rela-
tionship, the calculation performing multiplication of each of
1) RGB adjustment components, 2) YMC components as
complementary colors of the RGB components and 3) white
component, that have been extracted from the plural color
components of the input color image signal, by a coellicient,
and addition/subtraction of a result of the multiplication to the
plural color components.

Further, a color display device of an embodiment of the
present invention may be arranged so that the color display
device determines a relationship between RGB components
of an nput color 1mage signal 1n terms of their gradation
levels, and carries out a different calculation for each 1nput
color image signal depending on whether the iput color
image signal belongs to which of six patterns of the relation-
ship. The color display device multiplies each of 1) RGB
adjustment components, 2) YMC components as comple-
mentary colors of RGB and 3) white component, that have
been extracted from the RGB components of the mnput color
image signal, by a coetlicient, and then add/subtract the mul-
tiplication results to the original three color components.

Further, 1t 1s preferable that the color display device carries
out the calculation individually for each of the RGB compo-
nents excluding a component with a smallest gradation level,
using variables that vary depending on the respective grada-
tion levels of the RGB components. Further, it 1s preferable
that the color display device compensates white color by
using a coellicient which gives a positive value when the
white component of the mput color image signal has high
luminance and gives a negative value when the white com-
ponent of the mput color image signal has low luminance.

Further, it 1s preferable that the input color image signal 1s
converted into an output color image signal with the RGB
components respectively having gradation levels of r', g' and
b', which are given by:

r'=r+ro+yvo+mo+wo,
g'=g+go+vo+co+wo,

b'=b+bo+mo+co+wo,

where r, g and b respectively express gradation levels of
RGB components of the inputted color image signal; and,
in the case [1] where r=g=b,

ro=Krg(r-g)™",
vo=Kyg(g-b)"?,

wo=fw(b),

go=bo=mo=co=0,
in the case [2] where r=b>g,

ro=Krb(r-b)"",
mo=Kmb(b-g)"™,

wo=fw(g),

go=bo=yo=co=0,
in the case [3] where b>r=g,

bo=Kbr(b-r)"?,

mo=Kmr(r-g)™™,
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wo=fw(g),

ro=go=yo=co=0,
in the case [4] where b>g>r,

bo=Kbg(b-g)"",
co=Kcg(g-r)"°,

wo=fw(r),

ro=go=yo=mo=0,
in the case [S]| where g=b>r,

go=Kgb(g-b)"%,

co=Kch(b-rY",

wo=fw(r),

ro=bo=yo=mo=0,
in the case [6] where g>r=b,

go=Kgr(g-r)"*,
yvo=Kyr(r—b)"?,

wo=fw(b),

ro=bo=mo=co=0,

where Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr,
Kcg, Kcb and kw are either constants, or variables changing
depending on values of r, g and b; Nr, Ng and Nr are constants
not less than 0, and fw 1s a function which changes depending
on the values of r, g and b 1n the corresponding bracket.

Further, 1t 1s preferable that the variables are expressed as:

Krg=Cr- ar- ab,
Kgr=Cg- ag- ab,
Kbr=Cb- ab - ag,
Kyg =Cy - ar - ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

Kib=Cr-ar- ag,
Kgb =Cg - ag - ar,
Kbg = Cb - ab - ar,
Kmb =Cm - ar - ag,
Kcg=Cc- ab - ar,
Kyr=Cy - ag - ab,

ar = f0 x 1 (0 = r <Mr),
ar=1fl x (1 -1)* Mr=r=1),
ag=g0x g"* (0 = g <Mg),
ag=gl x (1 - g)f Mg = g=1),
ab = hO x b* (0 = b <Mb),
ab =hl x (1 - b)* (Mb = b = 1),

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and ther,
g and b are obtained by dividing original gradation levels of
the RGB components of the mput color image signal by a
maximum gradation value N-1.

Further, the variables may be expressed as:

Krg = Cr- ar - ab,
Kgr=Cg- ag- ab,
Kbr=Cb- ab - ag,
Kyg =Cy - ar - ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

Kib =Cr- ar- ag,
Kgb =Cg - ag - ar,
Kbg =Cb - ab - ar,
Kmb =Cm - ar - ag,
Kcg=Cc - ab - ar,
Kyr=Cy - ag - ab,

ar=2xr (0 = r<0.5),
ar=2x (1 -1 05 =r=1),
ag=2xg (0 = g <0.5),
ag=2x(1-g) 05 =g=1),
ab=2xb (0 = b <0.5),
ab=2x(1-b) (0.5 =b=1),
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where Cr, Cb, Cg, Cy, Cm and Cc are constants, and r, g and
b are obtained by dividing the original gradation levels of the
R, G and B components of the input image signal by the
maximum gradation value N-1.

Further, the variables may be expressed as:

Krg =Cr- Sr- Th,
Kegr=Cg - Sg- Th,
Kbr=Cb - Sb-Tg,
Kyg =Cy - Sr- Tb,
Kmr=Cm-Sb-Tg,
Kcb =Cc - Sg - Tr,

Krb=Cr- Sr-Tg,
Kgb =Cg - Sg - Tr,
Kbg = Cb - Sb - T,
Kmb=Cm - Sr-Tg,
Kcg =Cc - Sb - Tr,
Kyr=Cy - Sg - Th,

Tr = r*,

Sr= (1 - 1),
Tg =g,
Sg=(1-g)f,
Tb = b*,

Sb = (1 - b)*,

where Cr, Ch, Cg, Cy, Cm, Cc and k are constants, andr, g
and b are obtained by dividing the original gradation levels of
the R, G and B components of the input image signal by the
maximum gradation value N-1.

As with this arrangement, by setting the coellicients Krg,
Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb, Kmr, Kcg and Kcb
(weighting functions) based on one of the R, G and B com-
ponent having the maximum luminance and the one of them
having the mimmimum luminance, 1t 1s possible to reduce the
welghting functions when the gradation level of a color com-
ponent with a maximum luminance comes closer to the maxi-
mum gradation value, or when the gradation level of a color
component with the minimum luminance comes close to 0.

Accordingly, it 1s possible to prevent the defect of color
saturation in the case where an output color image signal has
a greater gradation level than the maximum gradation value,
and also to prevent enhancement of saturation when the input
signal 1s a monochromatic color, thus outputting (displaying)
a color 1mage with approprnate gradation.

The foregoing effect offered by the weighting function
may also be obtained with the following arrangements.

That 1s, the color display device of an embodiment of the
present mvention may be arranged so that the mput color
image signal 1s converted into an output color 1image signal
with the three color components respectively having grada-
tion levels of r', g' and b', which are given by:

r'=r+ro+yvo+mo+wb
g=g+go+vo+co+wo

b'=b+bo+mo+co+wo

where r, ¢ and b are values obtamed by dividing original
gradation levels of the three color components of the mput
color 1mage signal by a maximum gradation value N-1; and
in a case [1] where (r=g=b):

ro=Cr(r—g),
yo=Cy(g-b),

wo=fw(b),

go=bo=mo=co=0,
in a case [2] where (r=b>g):

ro=Cr(r-b),

mo=Cm(b-g),
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wo=fw(g),
g0=bo=yo=co=0,

in a case [3] where (b>r=g):
bo=Ch(b-r),

mo=Cm(r-g),

wo=fw(g),
ro=go=yo=co=0,

in a case [4] where (b>g>r):
bo=Ch(b-g),

co=Cc(g-r),

wo=fw(r),
ro=go=yo=mo=u,

in a case [5] where (g>b>r):
go=Cg(g-b),

co=Cc(b-r),

wo=fw(r),
ro=bo=yo=mo=0, and
in a case [6] where (g>r=b):

go=Cg(g-r),
yo=Cy(r-b),
wo=fw(b),

ro=bo=mo=co=0,

in which Cr, Cg, Cb, Cy, Cm, and Cc are constants; and tw
1s a Tunction dynamically changes depending on an average
luminance and a peak luminance of a whole 1image.

Further, the color display device may be arranged so that
the mput color image signal 1s converted into an output color
image signal with the three color components respectively
having gradation levels of r', g and b', which are given by:

r'=r+ro+yvo+mo+wo
g'=g+go+vo+co+wo

b'=b+bo+mo+co+wo

where r, g and b are values obtained by dividing original
gradation levels of the three color components of the mput
color image signal by a maximum gradation value N-1; and,

ro=Cr-min (rg, rb),
go=Cgmin (g, gb),
bo=Cbh-min (br, bg),
vo=Cymin (rb, gb),
mo=Cm-min (rg, bg),
co=Cc-min (gr, br),

wo=fw-min (v, g, b),

in which min ( ) 1s a function for giving a smallest value 1n
a corresponding bracket,
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on condition that:
FE—r=g,

rb=r-b,
gr=g-F

gb=g-b,

br=>b-r

bg=b-g

in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.

Further, the color display device may be arranged so that
the mput color image signal 1s converted into an output color
image signal with the three color components respectively
having gradation levels of r', g' and b', which are given by:

r'=r+ro+yvo+mo+wo
g =g+go+vo+co+wo

b'=b+bo+mo+co+wo

where r, g and b are values obtamed by dividing original
gradation levels of the three color components of the 1nput
color image signal by a maximum gradation value N-1; and

ro=Krg-rg where rg<rb,
ro=Krb-rb where rg>rb,
go=Kgr-gr where gr<gb,
go=Kgb-gb where gr>gb,
bo=Kbr-br where br<bg,
bo=Kbg-bg where br>bg,
vo=Kyrrb where rb<gb,
vo=Kyvg-gh where rb>gb,
mo=Kmrrg where rg<bg,
mo=Kmb-bg where rg>bg,
co=Kcg-gr where gr<br,
co=Kcb-br where gr>br,

wo=fw(min (7, g, b)),

in which min ( ) 1s a function for giving a smallest value in
a corresponding bracket; Krg, Krb, Kbr, Kbg, Kgb, Kor, Kyg,
Kyr, Kmb, Kmr, Kcg and Kcb are variables which change

depending on values of r, g and b; and tw 1s a function which
changes depending on a value 1n a corresponding bracket,
on condition that:

rg—r=§
rb=pr-b,
gFr=8-F
gb=g-b,

br=>b-r

bg=b-g,
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in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.

Further, 1t 1s preferable that the constant k 1s 1.

Further, 1t 1s preferable that the function fw changes
depending on an average luminance and a peak luminance of

a whole 1image.
Further, the function fw may satisfy: fw(X)=CwX~,
where Cw and Z are constants, and X 1s one of the r, g and

b.
Further, the function fw may be expressed as:

(0 EX{MW),
(MW EX E 1),

fw(X) = CwpX
ftw(X)=Cw,(1 - X)

where Cw,, Cw,, Mw are constants.

Further, the color display device of an embodiment of the
present mvention preferably further includes: a detecting
device for detecting environmental changes; and A color con-
verting device for controlling at least one of the coetlicients
Nr, Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and
a factor ot A, and the tunctions 1zr, tzg, tzb, fw, inr, tng, tnb,
iny, fnm and Iinc, according to a result of detection by the
detecting device.

With the additional provision of the detecting device and
the color conversion device, 1t 1s possible to adjust saturation
according to changes 1n environment. Saturation of 1images
displayed 1n a color display device 1s easily changed by out-
side light. In this view, by using the detecting device as device
for detecting light itensity of outside of the color display
device, 1t 1s possible to adjust saturation according to changes
in environment, thus more appropriately adjusting saturation.

Further, the color display device of an embodiment of the
present invention preferably further includes: color convert-
ing device for controlling at least one of the coefficients Nr,
Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and a
factor of A,, and the functions fzr, 1zg, 1zb, tw, inr, Ing, inb,
iny, Inm and inc, depending on whether a backlight of a
semi-transmission liquid crystal panel 1s on or off.

A semi-transmission liquid crystal panel functions as a
transmission liquid crystal panel with the backlight on, and
functions as a reflection liquid crystal panel with the back-
light oif; that 1s, color of displayed 1images of a semi-trans-
mission liquid crystal panel changes depending on whether
the backlight 1s on or off. In this view, the foregoing arrange-
ment 1s provided with color converting means for controlling
at least one of the coellicients Nr, Ng, Nb, Ny, Nm, Nc, Cr, Cg,
Cb, Cy, Cm, Cc, Pr, Py and a factor of A,, and the functions
tzr, 1zg, 1zb, tw, Inr, Ing, inb, Iny, inm and inc, depending on
whether a backlight of a semi-transmission liquid crystal
panel 1s on or off. On this account, an embodiment of the
present invention provides a color display device suitable for
saturation adjustment for 1mage display of a semi-transmis-
sion liguid crystal panel.

Although many of the present exemplary embodiments are
discussed 1n conjunction with a liquid crystal display panel as
the color display device, it should be understood that the
embodiments of present invention also may be used in con-

60 junction with other display devices capable of color display,
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including but not limited to a cathode ray tube (CRT), a
plasma display panel (PDP), efc.

The embodiments and concrete examples of implementa-
tion discussed in the foregoing detailed explanation serve
solely to illustrate the technical details of the present inven-
tion, which should not be narrowly interpreted within the
limits of such embodiments and concrete examples, but rather
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may be applied in many variations within the spirit of the
present invention, provided such variations do not exceed the
scope of the patent claims set forth below.

What 1s claimed 1s:

1. A color display device that determines a relationship
between three color components of an mput color 1image
signal 1n terms of gradation levels of the three color compo-
nents of an 1nput color image signal, and that carries out a
different calculation for each input color image signal
depending on which of six patterns of the relationship that the
input color image signal belongs to, the calculation being
performed for each of the three color components excluding,
a component with a relatively smallest gradation level, using
variables varying depending on the relationship among the
respective gradation levels of the three color components,
wherein the gradation level of the color component with the
relatively smallest gradation level remains unchanged before
and after the calculation, and wherein:

the mput color image signal 1s converted into an output

color image signal with the at least three color compo-
nents respectively having gradation levels of ', g'and b',
which are given by:

r'=r+ro+vo+mo,
g=g+go+vo+co,

b'=b+bo+mo+co,

where r, g and b are values obtained by dividing original
gradation levels of the three color components of the
input color image signal by a maximum gradation value
N-1: and

in a case [1] where r=g=bh:

ro=Krg(r-g)"",

yo=Kyg(g-b)"?,

o0=bo=mo=co=0,
in a case [2] where r=b>g:

ro=Krb(r-b)"",
mo=Kmb(b-g)"™,

go=bo=yo=c0=0,
in a case [3] where b>r=g:

bo=Kbr(b-r)"?,
mo=Kmr(r-g)"™,

ro=go=yo=co=U,
in a case [4] where b>g>r:

bf:}:Kbg(b—g)Nb,
co=Kcg(g- F")N “

ro=go=yo=Imo=u,
in a case [S] where g=b>r:

go=Kgb(g-b)"*,
co=Keh(b-r)"",

ro=bo=yo=mo=0,
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in a case [6] where g>r=b:

go=Kgr(g-r)"*%,
yo=Kyr(r-b)""?.

ro=bo=mo=co=0,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depend-
ing on values of r, g and b; and Nr, Ng, Nb, Ny, Nm and
Nc are constants not less than O.

2. The color display device as set forth in claim 1, wherein:

the variables are expressed as:

Krg=Crfrg(r0),Krb=Crfrb(r,g),

Kgr=Cgfgr(g b).Kgb=Cg:fgb(g.r),
Kbr=Cb-fbr(bh,g),Kbg=Ch-fbg(b,r),
Kyg=Cyfyg(r.0),Kmb=Cm finb(r,g),
Kmr=Cm:finr(b,g),Kcg=Cc:fcg(b,r),

Keb=Ccfcb(g,r),Kvr=Cy-fyr(g,b),

where Cr, Cb, Cg, Cy, Cm and Cc are constants; frg, irb,
ter, fgb, tbr, tbg, tyg, tmb, Imr, fcg, Icb and fyr are
functions which respectively change depending on val-
ues of r, g and b 1n corresponding brackets; and the r, g
and b are obtained by dividing original gradation levels
of the three color components of the input color image
signal by a maximum gradation value N-1.

3. The color display device as set forth 1n claim 2, wherein:

the Cr, Ch, Cg, Cy, Cm and Cc are constants expressed as
1/(1integer power of 2).

4. The color display device as set forth 1n claim 1, wherein:

the variables are expressed as:

Krg=Crfar(r)fag(b) Krb=Crfar(r)fab(g),

Kgr=Cgfaglg).far(b),Kgb=Cg fag(g) fab(r),
Kbr=Cb-fab(b)-far(g),Kbg=Cb-fub(b) fag(r),
Kyg=Cy:far(r)fab(b),Kmb=Cm far(r)fag(g),
Kmr=Cmfab(b)fag(g) Kcg=Ccfab(b)far(r),

Kcb=Ccfaglg).far(r) Kyr=Cyfag(g)fab(b),

where Cr, Ch, Cg, Cy, Cm and Cc are constants; far, fab and
fag are functions which respectively change depending
on values of r, g and b 1n corresponding brackets; and the
r, g and b are obtained by dividing original gradation
levels of the three color components of the input color
image signal by a maximum gradation value N-1.

5. The color display device as set forth 1n claim 4, wherein:

the functions far(r), fab(b) and fag(g) are continuous func-
tions which give O when the r, g and b (0=r,g,b=1) are
Oorl.

6. The color display device as set forth 1n claim 4, wherein:

the Cr, Ch, Cg, Cy, Cm and Cc are constants expressed as
1/(integer power of 2).

7. The color display device as set forth in claim 1, wherein:

the variables are expressed as:

Krg=Cr- ar- ab,
Kgr=Cg- ag- ab,
Kbr=Cb- ab - ag,
Kyg =Cy - ar - ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

Kib=Cr-ar- ag,
Kgb =Cg - ag - ar,
Kbg = Cb - ab - ar,
Kmb =Cm - ar - ag,
Kcg=Cc - ab - ar,
Kyr=Cy - ag - ab,
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-continued
ar =y x 1* (0 = r < Mr),
ar=1; x (1 - 1) Mr=r=1),
ag = go X gk (0= g <Mg),
ag=g; x (1-g) Mg =g=1),
ab = h, x b* (0 < b <Mb),
ab=h, x (1 - b)* (Mb = b = 1),

where 1,1, g5, 2, h,, h;, Mr, Mg, Mb and k are constants;
Cr, Cb, Cg, Cy, Cm and Cc are constants, and ther, g and
b are obtained by dividing original gradation levels of
the three color components of the mput color 1image
signal by a maximum gradation value N-1.

8. The color display device as set forth 1n claim 7, wherein:

the Cr, Cb, Cg, Cy, Cm and Cc are constants expressed as
1/(integer power of 2).

9. The color display device as set forth 1n claim 1, wherein:

the variables are expressed as:

Krg = Cr - ar - ab,
Kgr=Cg - ag - ab,
Kbr=Cb - ab - ag,
Kyg =Cy - ar - ab,
Kmr=Cm - ab - ag,
Kcb =Cc - ag - ar,

Krb=Cr- ar- ag,
Kgb=Cg - ag- ar,
Kbg = Cb - ab - ar,
Kmb = Cm - ar - ag,
Kcg =Cc - ab - ar,
Kyr=Cy - ag - ab,

ar=2xr (0 =r<0.5),
ar=2x (1 -r) (05=r=1),
ag=2xg (0 = g <0.5),
ag=2x(1-g) (0.5 =g=1),
ab=2xb (0 = b <0.5),
ab=2x(1-b) (0.5 =b=1),

where Cr, Cb, Cg, Cy, Cm and Cc are constants, and ther,
g and b are obtained by dividing original gradation levels
of the three color components of the mput color image

signal by a maximum gradation value N-1.
10. The color display device as set forth in claim 9,

wherein:
the Cr, Cb, Cg, Cy, Cm and Cc are constants expressed as
1/(integer power of 2).
11. The color display device as set forth in claim 1,
wherein:
the variables are expressed as:

Krg=Crfinax(r)fmin(b), Krb=Cr-finax(r)finin(g),
Kgr=Cg:fmax(g).fmin(b), Kgb=Cg fmax(g).fmin(r),
Kbr=Cb-finax(b)-finin(g), Kbg=Cb-finax(b)-finin(r),
Kyg=Cy.fmax(r)fmin(b), Kmb=Cm:fmax(r)fmin(g),
Kmr=Cm-fmax(b)fmin(g), Kcg=Cc-finax(b)-fmin(r),

Keb=Cc-fmax(g)-fmin(r), Kvr=Cy-fmax(g)-fmin(b),

where Cr, Cb, Cg, Cy, Cm and Cc are constants; imax, and
fmin are functions which respectively change depending
on values ofr, g and b 1n corresponding brackets; and the
r, g and b are obtained by dividing original gradation
levels of the three color components of the input color
image signal by a maximum gradation value N-1.

12. The color display device as set forth in claim 11,

wherein:

the function fmax 1s a continuous function which gives 0
when ther, gand b (0O=r,g,b=1) are 1; and the function
fmin 1s continuous function which gives O when ther, g
and b (O=r,g,b=1) are 0.
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13. The color display device as set forth in claim 11,
wherein:
the Cr, Ch, Cg, Cy, Cm and Cc are constants expressed as
1/(integer power of 2).
14. The color display device as set forth mn claim 1,
wherein:
the variables are expressed as:

Krg=Cr- Sr-Tb,
Kgr=Cg- Sg-Tb,
Kbr=Cb- Sb - Tg,
Kyg =Cy - Sr-Tb,
Kmr=Cm - Sb-Tg,
Kcb =Cc - Sg - T,

Kib =Cr-Sr-Tg,
Kgb =Cg- Sg - Tr,
Kbg =Cb - Sb - Tr,
Kmb=Cm - Sr-Tg,
Kcg=Cc- Sb - Tr,
Kyr=Cy - Sg - Tb,

Tr =1,
Sr=(1 - 1),
Tg=g",
Sg=(1-g),
Tb = b*,

Sbh = (1 - b)%,

where Cr, Cb, Cg, Cy, Cm, Cc and k are constants, and the
r, g and b are obtained by dividing original gradation
levels of the three color components of the input color
image signal by a maximum gradation value N-1.
15. The color display device as set forth in claim 14,
wherein:
the constant k 1s 1.
16. The color display device as set forth in claim 14,
wherein:
the Cr, Ch, Cg, Cy, Cm and Cc are constants expressed as
1/(integer power of 2).
17. The color display device as set forth mn claim 1,
wherein:
the variables Nr and Ny are not less than 1.
18. The color display device as set forth mn claim 1,
wherein:
the variables Ng, Nb, Nm and Nc are not more than 1.
19. The color display device as set forth in claim 1, further
comprising:
detector to detect environmental changes; and
color converter to control at least one of the coeflicients Nr,
Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and
a factor of A,,, and the functions 1zr, 1zg, 1zb, tw, inr,
ing, inb, ny, Inm and fnc, according to a result of detec-
tion by the detector.
20. The color display device as set forth 1 claim 19,
wherein:
the detector detects light intensity of outside of the color
display device.
21. The color display device as set forth 1n claim 1, further
comprising;
color converter to control at least one of the coefficients Nr,
Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and
a Tactor of A,,, and the functions 1zr, 1zg, 1zb, tw, inr,
ing, fnb, Iny, fnm and inc, depending on whether a
backlight of a semi-transmission liquid crystal panel 1s
on or off.
22. The color display device as set forth in claim 1,
wherein:
the relatively greatest component in gradation level among
the three components of RGB 1s compensated by using
both the compensation value of the relatively greatest
component and the compensation value of the comple-
mentary color of the relatively greatest component and
the second relatively greatest component, and the sec-
ond relatively greatest component 1n gradation level
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among the RGB components 1s compensated by using,
the compensation value of complementary color of the
relatively greatest component and the second relatively
greatest component.

23. A color display device, comprising:

a color processor to determine a relationship between three
color components of an input color image signal in terms
of gradation levels of the three color components of an
input color image signal and to process the input color
image signal by carrying out a different calculation for
cach input color image signal depending on which of six
patterns of the determined relationship that the input
color 1mage signal belongs to, the calculation being
performed for each of the three color components
excluding a component with a relatively smallest grada-
tion level, using variables varying depending on the
relationship among the respective gradation levels of the
three color components, wherein the gradation level of
the color component with the relatively smallest grada-
tion level remains unchanged before and after the calcu-
lation; and

a color display panel to display the processed color image
signal wherein:

the mput color image signal 1s converted into an output
color 1image signal with the three color components
respectively having gradation levels of r', g and b',
which are given by:

(o )

O

'(FF\" (D &
f bo
g |=|& |+ Az vo

f‘?f kb,ﬂ

\ / Mo
, CO

where r, ¢ and b are values obtamed by dividing original
gradation levels of the three color components of the
input color image signal by a maximum gradation value
N-1; and A, expresses square matrix of 3x6; and

in a case [1] where r=g=b:

ro=Krg(fzr(r)-fzg(g))"",

yo=Kyg(fzg(g)-fzb(5))"7,

g0=bo=mo=co=0,
1in a case [2] where r=b>g:

ro=Krb(fzr(r)-fzb(b))"T,

mo=Kmb(fzb(b)-fzg(g))""™,
go=bo=yo=c0=0,

in a case [3] where b>r=g:
bo=Kbr{fzb(b)—fzr(r)?,

mo=Kmr(fzr(r)-/zg(g))"™,

ro=go=yo=co=U,
in a case [4] where b>g>r:

bo=Kbg(fzb(b)-fzg(g)™",
co=Kcg(fzg(g)—fzr(r)™",

ro=go=yo=mo=0,
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in a case [ 5] where g>b>r:
go=Kgb(fzg(g)~zb(b))"%,

co=Kcb(fzg(b)~fzr(r))"",

ro=bo=yo=mo=0,

in a case [6] where g>r=h:

go=Kgr(fzg(g)—-fzr(r))"%,
yo=Kyr(fzr(r)—fzb(r)y"?,

ro=bo=mo=co=0,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depend-
ing on values of r, g and b, Nr, Ng, Nb, Ny, Nm and Nc¢
are constants not less than O, and fzr, 1zg, 1zb are func-
tions which respectively change depending on values of
r, g and b 1n corresponding brackets.

24. The color display device as set forth 1n claim 23,

wherein:

the functions 1zr, fig, 1zb convert input values identical with
cach other ito output values ditferent from each other.

25. The color display device as set forth in claim 23,

wherein:

the functions fzr, fzg, fzb satisty fzr=r"°, fzg=g** and
fzb=b>".

26. The color display device as set forth in claim 23,

wherein:

the functions fzr, fzg, fzb satisfy fzr=r°, fzg=g” and fzb=b".

277. The color display device as set forth in claim 23, further

comprising;

detector to detect environmental changes; and

color converter to control at least one of the coefficients Nr,
Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and
a factor of A, and the tunctions fzr, fzg, 1zb, tw, tnr,
ing, Inb, Iny, Inm and Inc, according to a result of detec-
tion by the detector.

28. The color display device as set forth in claim 21, turther

comprising:

color converter to control at least one of the coefficients Nr,
Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and
a factor of A, and the functions fzr, 1zg, 1zb, tw, inr,
ing, tnb, fny, Inm and inc, depending on whether a
backlight of a semi-transmission liquid crystal panel 1s
on or off.

29. A color display device, comprising:

a color processor to determine a relationship between three
color components of an input color image signal 1n terms
of gradation levels of the three color components of an
input color 1mage signal, and to process the imnput color
image signal by carrying out a different calculation for
cach mput color image signal depending on which of six
patterns of the determined relationship that the input
color 1image signal belongs to, the calculation being
performed for each of the three color components
excluding a component with a relatively smallest grada-
tion level, using variables varying depending on the
relationship among the respective gradation levels of the
three color components, wherein the gradation level of
the color component with the relatively smallest grada-
tion level remains unchanged before and after the calcu-
lation; and
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a color display panel to display the processed color image
signal, wherein:

the mput color image signal 1s converted into an output
color image signal with the three color components
respectively having gradation levels of r', ¢' and b',
which are given by:

r'=r+ro+yvo+mo,
g=g+go+vo+co,

b'=b+bo+mo+co,

where r, ¢ and b are values obtamed by dividing original
gradation levels of the three color components of the

input color image signal by a maximum gradation value
N-1; and,

ro=Cr-min (rg, rb),
go=Cgmin (g, gb),
bo=Cb-min (br, bg),
vo=Cy-min (rb, gb),
mo=Cm-min (rg, bg),

co=Ccmin (gr, br),

in which min ( ) 1s a function for giving a smallest value in
a corresponding bracket; and Cr, Cg, Cb, Cy, Cm and Cc
are constants, on condition that:

rg=r-g,

rb=pr-b,
gr=gF

gb=g-b,

br=>b-r

bg=b-g

in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.

30. The color display device as set forth 1n claim 29, further

comprising;

a detector to detect environmental changes; and

color converter to control at least one of the coetlicients Nr,
Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and
a factor of A, and the tunctions fzr, tzg, tzb, tw, tnr,
ing, tnb, ny, Inm and inc, according to a result of detec-
tion by the detector.

31. The colordisplay device as set forth in claim 29, further

comprising:

color converter to control at least one of the coelflicients Nr,
Ng, Nb, Ny, Nm, Nc, Cr, Cg, Cb, Cy, Cm, Cc, Pr, Py and
a factor of A, and the functions fzr, 1zg, {zb, tw, inr,
ing, tnb, fny, Inm and inc, depending on whether a
backlight of a semi-transmission liquid crystal panel 1s
on or off.

32. A color display device, comprising:

a color processor to determine a relationship between three
color components of an 1nput color image signal in terms
of gradation levels of the three color components of an
input color image signal, and to process the input color
image signal by carrying out a different calculation for
cach input color image signal depending on which of six

10

15

20

25

30

35

40

45

50

55

60

08

patterns of the determined relationship that the input
color 1image signal belongs to, the calculation being
performed for each of the three color components
excluding a component with a relatively smallest grada-
tion level, using variables varying depending on the
relationship among the respective gradation levels of the
three color components, wherein the gradation level of
the color component with the relatively smallest grada-
tion level remains unchanged before and after the calcu-
lation; and

a color display panel to display the processed color image
signal wherein:

the input color 1image signal 1s converted into an output
color image signal with the three color components
respectively having gradation levels of r', g' and b',
which are given by:

r'=r+ro+vo+mo
g=g+go+vo+co

b'=b+bo+mo+co

where r, g and b are values obtained by dividing original
gradation levels of the three color components of the

input color image signal by a maximum gradation value
N-1; and

ro=Krg-rg where rg<rb,
ro=Krb-rb where rg>rb,
go=Kgr-gr where gr<gb,
go=Kgb-gb where gr>gb,
bo=Kbr-br where br<bg,
bo=Kbg-bg where br>bg,
vo=Kyrrb where rb<gb,
vo=Kvg-gb where rb>gb,
mo=Kmrrg where rg<bg,
mo=Kmb-bg where rg>bg,
co=Kcg-gr where gr<br,

co=Kcbh-br where gr>br,

in which Krg, Krb, Kbr, Kbg, Kgb, Kgr, Kyg, Kyr, Kmb,
Kmr, Kcg and Kcb are variables which change depend-
ing on values of r, g and b,

on condition that:

Fg—r=g
rb=pr-b,
gFr=8~F
gb=g-b,

br=>b-r

bg=b-g,

in which each of rg, rb, gr, gb, br and bg are modified to O
when they are minus values.
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